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PREFACE. 


CiRcirMSTANOES having led me, in early life, to take an interest in 
practical hydraulics, I became anxious to obtain an account of all the con* 
trivances employed by different people to raise water — whether for domes- 
tic, agricultural, mining, manufacturing, or other purposes ; and great was 
the disappointment I felt on learning that no book containing the informa- 
tion I sought had ever been published. This was the case between thirty 
and forty years ago j and, notwithstanding the numerous journals and other 
works devoted to the useful arts, it is in a great measure the case still. No 
one publication, so far as my knowledge extends, has ever been devoted 
to the great variety of devices which the human intellect has developed 
for raising liquids. That such a work is wanted by a large class of 
mechanics, if not by others, can hardly be questioned ; and it is somewhat 
suimrising that it was nev^ undertaken. 

It appears from La Hire’s, Preface to Mariotte’s Treatise on the Motion 
of Fluids, that the latter philosopher often expressed a determination to 
write ‘‘ on the different pumps and other engines which are in use, or which 
have been proposed,” but unfortunately he did not live to carry his design 
into effect. The celebrated work of Belidor, from its extent, and the variety 
of subjects embraced and illustrated, stands at th6 head of modern works 
on hydraulic devices ; but of the four large volumes, a small part only is 
devoted to machines for raising water, and many such are not noticed at 
all : besides, the cost of the work and the language in which it is written 
will always prevent it from becoming a popular one witli American or 
English machinists. 

Having in the course of several years collected memoranda and procured 
most of the works quoted in the following pages, I have attempted to pre- 
pare a popular volume on the subject — something like the one I formerly 
longed for — ^feeling persuaded that it will be as acceptable to mechanics 
under circumstances similar to those to which I have alluded as it would 
then have been to myself. Every individual device for raising water has,^ 
of course, not been described, for that would have been impossible ; but 
every class or species will be found noticed, with such examples of each 
as will enable the general reader to comprehend the principle and action^ 
of all. in addition to which, inventors of hydraulic machines can here 
see what has been accomplished, and thus avoid wasting their energies 
on things previously known. 
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necessarily led the inhabitants of both countries to cultivate to the utmost 
extent the art of raising water. Wind-mills for draining water off land 
first occur (in modern days) in Holland. It is indeed the constant employ 
ment of this eleinent — wind — that preserves the Dutch from destruction 
by another ; for, as a nation, they are in much the same predicament they 
formerly put unruly felons in, viz : confining each in a close vault with a 
pump, and then admitting a stream of water that required his unceasing 
efforts to pump out, to prevent himself from drowning. 

The French have contributed the neatest machine known ; the ram of 
Montgolfier — theirs, is the double pump of La Hire, and the frictionless 
piston of Gosset — La Faye improved the old tympanum of Asia — Papin 
was one of the authors of the steam-engine, and Le Demour devised the 
centrifugal pump. Rotary pumps and the remtroduction of air-vessels and 
fire-engines rest between Germany and France. . Drawn leaden pipes 
were projected by Dalesme. The English revived the plunger pump and 
stuffing-box of Moreland, and furnished the expanding metallic pistons of 
Cartwright and Barton — the steam-engines of Worcester and Savery, New- 
comen and Watt — ^the- pneumatic apparatus of Brown, and motive engines 
of Cecil and others-- Whitehurst was the first to apply the principle of 
the ram, .and the quicksilver pump was invented by Hawkinsrr— Hales 
invented the milling of sheet lead, and the first di*awn pipes were made 
by Wilkinson. Switzerland contributed the spiral pump of Wirtz — Ame- 
rica has furnished the riveted hose of Sellers and Pennock, the motive 
machine of Morey, and high pressure engines of Evans j and both have 
given numerous modifications pf every hydraulic device. The Italians 
have preserved many ancient devices, and to them the discoveries of Gal- 
lileo and Torricelli respecting atmospheric pressure are due. Porta has 
given the first figure of a device for raising water by steam, and Venturi^s 
experiments have extended their claims. 

Remarks have occasionally been introduced on the importance of the 
mechanic arts and the real dignity attached to their promssion, notwith- 
standing the degraded state in which operatives have ever been held by 
those who have lived on their ingenuity and become enriched by them 
skill. But this state of things we believe is passing away, and the time is 
not distant when such men, instead of being deemed, as under the old 
regime, virtual serfs, will exert an influence in society commensurate with 
their contributions to its welfare. And where, it may be asked, is there 
a comfort, or convenience, or luxury of life, which they do not create or 
assist to furnish, from the bread that sustains the body to the volume that 
informs the mind 

Few classes have a more honorable career before them than intelligent 
mechanics. Certainly none have better opportunities of associating their 
names with those of the best of their species. Science and the arts open 
the paths to true glory ; and greater triumphs remain to be achieved in 
both than the world has yet witnessed. Human toil has not been dispensed 
with, but it certainly will be superseded, in a great measure, if not alto- 
gether, by forces derived from inanimate nature. A great part of the globe 
is yet a desert, inhabited by beasts of prey, or by men more savage than 
they ; whereas the Creator designs the whole to be a garden and peopled 
with happy intelligences, as in the first Eden. It is much too common to 
seek ephemeral distinction on the troubled sea of politics or party j but of 
the thousands who launch their barks upon it, bow few ever reach the 
haven of their wishes ! The greater part are soon engulphed in oblivion, 
while not a few, exhausted by useless struggles, are bereft of their ener- 
gies and quickly sink in despair — but no fame is more certain or more 
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durable than that which arises from useful inventions, Whitney and 
Whittemore, Evans and Fulton, will be remembered as long as cotton gins, 
carding machines, steam-engines, and steam-boats are known on these 
continents, and when contemporary politicians are wholly forgotten — in 
fact most of these are so already. The name of Watt will be known while 
that of every warrior and monarch and statesman of his day has perished ; 
and so it ought to he, for with few exceptions, he contributed more to the 
happiness of his species than have such men from the beginning of time. 
No one is now interested in learning any thing respecting the sanguinary 
Bull of Burgundy and his wily antagonist, the eleventh Louis of France, 
whose contests kept for years the European world in an uproar ; and the 
latter, not content with murdering his species by wholesale, in his old age 
slew infants that he might acquire new vigor by bathing in their blood : 
but as long as time endures, the world will revere the names of their 
contemporaries" — Grottenburg, Koster, Faust, and SchoefFer and their asso- 
ciates in printing and type-founding. ^ i 

Science and the arts are renovating the constitution of society. The 
destiny of nations cannot be much longer held by political gamblers, wealthy 
dolts, titled buffoons, and royal puppets ; these no longer sustained by 
factitious aids must descend to their own level. Theories of governments 
will not be opposed to nature and carried out in violation of her laws ; but 
practical science will be the ruling principle ; and practical philosophers 
will he, as G-od designed they should be, the master spirits of the world. 
The history and progress of the useful arts will soon become a subject of 
general study. Historians will hereafter trace in them the rise and fall of 
nations ; for power and preeminence will depend upon new discoveries in 
and applications of science. Battles will soon be fought by engineers 
instead of generals, and by mechanism in place of men. But battles, we 
trust, will hereafter be few ; for if ever men were called upon by that 
which is dear to them and their race — ^by that which is calculated to rouse 
the purest feelings and exterminate the worst ones, it is to denounce that 
spirit of military glory which encourages and induces offensive wars. Take 
away all the false glare and pomp of wars, and tyranny will expire — for it 
would have nothing to support it. Put war in its true light, and no well 
regulated mind would ever embrace it as a profession. 

To poets and writers of romance, the annals of mechanism present un- 
explored sources of materials. They are mines of the richest ores — 
fields teeming with the choicest fruits and flowers. Here are to be found 
incidents as agreeable and exciting in their natures, and as important in 
their effects as anything that can be realized by the imagination alone j 
such too, as present nothing to offend the finest taste, or conflict with the 
purest morals. When novelists have worn out the common ground ; (and 
they seem already to have done so,) when mere sentiment grows flat, and 
the exhibition of the passions becomes stale j when politics, history and 
love are exhausted — works founded on the origin, progress, and maturity 
of the useful arts will both cliarm the imagination and improve the judgment 
of readers. Does an author wish to introduce characters who have left 
permanent impressions of their genius upon the world? Where can ho find 
them in such variety as in the race of inventors 1 Is' he desirous of enrich- 
ing his pages with singular coincidences, curious facts, surprising results 
— to fascinate his readers, and cause them to anticipate the end of his pages 
with regret ? Let him detail the circumstances that led to the conception, 
and accompanied the improvement of those inventions and discoveries that 
have elevated civilized man above the savage. 

Is such a writer desirous, for instance, to entertain the sex ? He could 
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hardly do it more effectually than by writing a volume on the labors of 
prirnitive spinsters, ere the distaff was adopted, or the spindle (the original 
fly-wheel) was invented ; by detailing the circumstances that gave birth 
to those implements, with the trials, observations, customs and anecdotes 
connected with their, introduction and their uses — imagining the congra- 
tulations that were poured upon the artist who wove the first web in a 
loom, and the praises bestowed upon the author of that machine and the 
shuttle. — recalling the times and scenes when groups of laughing females 
were hastening to examine the first colored mantles ; and recording the 
bursts of admiration which dropped from them (in all the force of oriental 
hyperbole) upon witnessing the processes by which purple and scarlet 
and crimson and green, &c. were produced — recounting the methods by 
which the art of dyeing wrought a revolution in costume, and how it be- 
came one of the great sources of wealth to Babylon and Tyre — referring 
to the gratification which the invention of needles and pins, of thimbles 
and combs, conferred on ancient dames ; and noticing the influence of 
these in improving the dress and deportment of women — describing the 
trials of artists before they succeeded in perfecting these instruments, and 
so on, until every addition to domestic dwellings, to household furniture, 
and to dress be reviewed — until every thing which a modern lady possesses 
over an Indian’s squaw be brought forward and described, with all the 
known facts and circumstances associated with its history and application ; 
— and thus form a series of essays on the arts, in which every line would 
be poetry, and every incident new. 

A new species of drama might here take its rise ; one possessing equal 
attractions and exhibiting equally interesting pictures of human life, as 
any thing which writers of comedy or tragedy have yet produced. Here 
are characters and customs of every variety, age, and nation — incidents 
and adventure in the greatest profusion — the extremes of misery and bliss, 
of poverty and wealth, of suffering virtue and unrequited toil, and their 
opposites. Here the humblest individuals have, by industry and ingenuity, 
risen from obscurity and astonished the world. Mechanics have become 
kings like the old potter of Sicily, (Agathocles,) Aurelius the blacksmith 
of Borne, and Leitz the tinker who founded the caliph dynasty of the 
Soffarites. Kings have left their thrones to become workmen in brass and 
silver, wood aiid iron ; as Demetrius at his lathe, JEropus making lamps 
and tables, Charles V. in his watchmaker’s shop ; and if some bizarre 
examples are wanted, there is still to be seen the mantua-making apart- 
ment of Ferdinand VII. with specimens of his work. 

A play might be founded on the fairs held at Delos, (the Pittsburg of 
of the old Greeks,) where merchants (observes Pliny) assembled from all 
' parts of the world to purchase hardware and bronze. An island whose 
artists were ennobled for the beauty and finish of their works in the metals, 
and who particularly excelled in brazen feet for chairs, tables, and bed- 
steads, and in statues and other large works in brass. Then there was 
the workmen of ^Egina, who beat all others in fabricating branches and 
and sockets of candelabra ; while those of Tarentum produced the best 
pedestals or shafts. In connection with which, there is the singular story 
of the Lady Gegania, who, after giving 50,000 sesterces for a bronze candle- 
stick, adopted its ill-favored and hump-backed maker for her companion 
and heir. 

How rich in interest would a dramatic scene be if laid in an antediluvian 
smith’s shop ! (Forges have always been places of resort.) To notice 
the characters of the visitants, listen to their remarks, examine the instru- 
ments fabricated by the artist, his materials, fuel, bellows, and other tools 1 
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There is not a more interesting scene in all the Iliad than the description 
of Vulcan at work. But if such a distance of time is too remote, there is 
the forge q£ KawaJi, the blacksmith of Ispahan, he whose ajpron was for 
centuries the banner of the Persian empire. The forge of Aurelius also, 
where he made the sword by which he was while emperor slain. 

A scene might open in the barber^s shop of Alexandria, in which the boy 
Ctesibius used to play, and where the first scintillations of his genius 
broke out; while his subsequent speculations, his private essays and public 
experiments, some of which were probably exhibited before the reigning 
Ptolemies, might be brought into view — his pupil, Heron, and other 
philosophers and literati might also be included in the plot. Of the con- 
nection of barbers with important events there is no end — there was the 
tatling artist of Midas, the spruce hair-dresser of J ulian the emperor, the 
inquisitive one that saved Cessar’s life by listening to the conversation of 
assassins — the history of the silver shaving vessel with which the benevo- 
lent father of Marc Anthony relieved the pecuniary distresses of a friend 
— there was the wicked Oliver Dain ; and the ancestor of Tunstall, the 
famous Bishop of Durham, was barber to William the Conqueror : hence 
the bishop’s coat of arms contained i/iree combs. 

Who would not go to see a representation of the impostures of the 
heathen priesthood ? Men who in the darkest times applied some of the 
finest principles of science to the purposes of delusion I With what 
emotions should we enter their secret recesses in the temples ! — places 
where their chemical processes were matured, their automaton figures and 
other mechanical apparatus conceived and fabricated, and where experi- 
ments were made before the miracles were consummated in public. But 
it is impossible to enumerate a tithe of the subjects and incidents for the 
drama that might be derived from the history of the arts : they are more 
numerous than the mechanical professions — more diversified than articles 
of traffic or implements of trades. The plots, too, might be rendered as 
complicated, and their denouement as agreeable or disagreeable as could ' 
be desired : and what is better than all, in such plays the moral, intel- 
lectual and inventive faculties of an audience would be excited and im- 
proved — ^science would pervade every piece, and her professors would 
be the principal performers. 

THOS. EWBANK. 

JVev^Yorkf December, 1841. 
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BOOK I. 

PRIMITIVE AND ANCIENT DEVICES FOR RAISING WATER. 


CHAPTER I. 


The subject of raising water, interesting to Philosophers and Mechanics— Led to the invention of the 
Steam Engine— Connected with the present advanced state of the Arts— Origin of the useful arts lost— 
Thoirhistory neglected by the Ancients— First Inventors the greatest benefactors— Memorials of dieni 
perished, while accounts of warriors and their netd pervade and pollute the pages of history— A record 
of ^he origin and early progress of the arts more useful and interesting than all the works of historians* 
extant— The history of a single tool, (as that of a hammer,) invaluable— In the general wreck of tho 
arts of the ancients, most of their devices for raising water prosorvod — Cause of this— Hydraulic ma- 
chines of very remote origin— Few invented by the Greeks and Romans— Arrangement and division of 
the subject. 

Although the subject of this work may present nothing very alluring 
to the general reader, it is not destitute of interest to the philosopher and 
intelligent mecbanic. The art of raising water bas ever been closely 
connected with the progress of man in civilization, so much so, indeed, 
that the state of this art, among a people, may be taken as an index of 
their position on the scale of refinement. It is also an art, which, from 
its importance called forth the ingenuity of man in the infancy of soci- 
ety ; nor is it improbable, that it originated some of the simple machines, 
,or mechanic 'powers themselves. 

It was a favorite subject of research with eminent mathematicians and 
engineers of old ; and the labors of their successors in modern days, have 
been rewarded with the most valuable machine which the arts ever pre** 
sented to man — the STEAM ENGrlNE — for it was ‘^raising of water’^ 
that exercised the ingenuity of Decaus and Worcester, Moreland and 
Papin, Savary and Newcomen; and those illustrious men, whose suo* 
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cessive labors devreloped and matured that " seird-omnipotcut ^ 
which - driveth up water by fire.” A machine that has already greatly 
changed and immeasurably improved the state oi civil society j and one 
which, in conjunction with the minting is destined to^ renovate 

both the political and moral world. I he subject is therefore, mtiniately 
connected with the present advanced state of tlio arts ; and the axna2ing 
progress made in them during the last two centuries, may be attributed 

in some degree to its cultivation. / i r u ♦! r • . 

The origin and early history of tins art, (and of all others of primitive 
times) are irrecoverably lost. Tradition has scarcely preserved a eingk 
anecdote or circumstance relating to those rneritonous ineii, with whom 
any of the useful arts originated j and when in process of time, history 
took her station in the temple of sciemeo, her professors deemed it beneath 
her dignity, to record the actions and lives of men, wlio were merely in. 
ventors of machines, or improvers of Urn uselui arts ; thus nearly all 
knowledge of those to whom die world m muler the inghest of obliga^ 
tions, has perished forever. 

The SCHOLAR mourns, and the ANTrairAUV wec'ps over tlm wreck of 
ancient learning and art>— the riULOHoPUKii regr<‘ts that Huaicient of both 
has not been preserved to oluclJate several Intiu’esting tliscovi^riea, which 
history has mentioned; nor to prove that those piincipU^H of science, upon 
which the action of some old machines depended, weriMnahu-siood ; and 
the MECHANIC inquires in vain for the processes }^y \vlii<!h liis predecessors 
in remote ages, worked the hardest granite without iron, tniusported it 
in masses that astound us, and used thmn in tlu^ m-muion of stupendous 
buildings, apparently with tho facility that modern workiium lay bricks, 
or raise the lintels of doors. Tho rnachhuis by which tliey were elevated 
are as unknown us the individuals who diri‘cted tlu'lr movmiunits* We 
are almost as ignorant of tlieir mocles of ^y(>rkmg tln^ nnmilH, of ihoir al- 
loys which rivalled steel in liardnesH, <d (heir In run crncililes, and 
moulds; the details of forming tlu^ (mnobling sfunus t»r dm more useful 
•skillet or cauldron. Did the ancienls laminatt^ um(al lu'tvvmm n»ll(u\s,and 
draw wire through plates, as we dtdl or, was it c^Ktimdeil by liaTmnor0,as 
some specinaens of both seem to show? On tlimne uml a thousand other 
subjects, much uncertainty prevaik Unfornmately Imirnml men of old, 
deemed it a part of wisdom, to conceal from tlm vulgar, all diHcovories in 
science. ‘With this view, they wrapjmtl thmn in luynthad figures, that 
the people might not apprehend thmn. Tin? tnunmn wm at one time so 
general, that philosophers refused to leave aiiy thing in writing, cxjjlana- 
to:w of their researches. 

'Whenever wo attempt to penetrate fliaf ob.senrity wliieli conceals from 
our view, tho works of dies ancientM, we are 1ml fo rogriU, that some of 
their MECHANICS did not undertak(‘, fir the nake f>f pnstm*ity and their 
own fame, to write a history and chmcriptinii of their rnacliincH and manu- 
factures. 

Wo know that pliilosojjhors, gmieriilly, wcnihl nor. comh^HceiuI to per- 
form such a task, or stoop to acquire the rtHpusite infennalion, for tnej? 
doomed it disoredkable to fipfdy their ener[d<‘.*^ and h*aniing, to tlio eluci- 
dation of such subjects, (li'ew could Ihjicu. with ni|>piuK — wlio was master 
of the liberal mdfttcchankal artS”— the ring tm bin finger, tln^ tunic, cloak,” 


» “ And they did heM IhegoUl into thin and tut it iiiie wire*!.’* Kxod. xxxix, 3. 

Theao plates, wore probably similar to tlium* mud*' by th«^ i^oldmniihH of Mcxiccf, 

which vvero three (junrtera of a yartl tong, Ibun* hn^or^ l»rcmd, ninl »h ihichc as parcfi- 
ment.'' PurcliaB’ rilgriitinfio, 0S4. "Bilver nimni infontukMf in brought IVmu T«rrihi**h, 
and gold tVora CTphtucJ* Jor. x, 9. 


To tlie prevalence of such unpLilosophlcal notions amongst the learned 
men of old, may be attributed., the irretrievable loss of information re- 
specting the prominent mechanics of the early ages, those 
“ Searching wits, 

Who graced their age with new invented arts,” Virgil^ En. vi, 900. 

Their works, their inventions, and their names, are buried beneath the 
waves of oblivion ; whilst the light and worthless memorials of heroes, 
falsely so called, have floated on the surface, and history has become pol- 
luted with tainted descriptions of men, who, without having added an 
atom to the wealth, or to the happiness of society, have been permitted 
to riot on the fruit of other men’s labors ; to wade in the blood of tbeir 
species, and to be heralded as the honorable of the earth ! And still, as 
in former times, humanity shudders, at these monsters being held up, as 
they impiously are, to the admiration of the world, and even by some 
Christians too, as examples for our children. 

** We may reasonably fliope,” says Mr. Davies in his popular work on 
the Chinese, that the science and civilization which have already greatly 
enlarged the bounds of our knowledge of foreign countries, may, by 
diminishing the vulgar admiration of such pests and scourges of the 
human race, as military conquerors have usually proved, advance and fa- 
cilitate the peaceful intercourse of the most remote countries with each 
other, and thereby increase the general stock of knowledge and happiness 
among mankind.” Vol. 1, 18. 

'*Of what utility to us at this day, is either Nimrod, Cyrus, or Alexan- 
der, or their successors, who have astonished mankind from time to time % 
With all their magnificence and vast designs, they are returned into nothing 
with regard to us. They are dispersed like vapors, and have vanished 
like phantoms. But the inventors of the arts and sciences labored 
for AtiL AaES. We still enjoy tbe fruits of their application and industry — 
they have procured for us, all the convenicTicies of life — they have con- 
verted all nature to our uses. Yet, all our admiration turns generally on 
the side of those heroes in blood, while we scarce take any notice of what 
we owe to the inventors of the arts.” Rollings Iniroditciion to the ArU 
and Sciences of the Ancients. 

Who that consults history, only for that which is useful^ would not pre- 
fer to peruse a journal of the daily manipulations of the laborers and me- 
chanics who furnished clothing, arms, culinary utensils, and food for the 
armies of old — to the most eloquent descriptions of their generals, or their 
battles % And as it is now with respect to accounts of such transactions 
in past ages — so will it be in future with regard to similar ones of mo- 
dern times. Narrations of political convulsions, recitals of battles, and of 
honors conferred on statesmen and heroes, while dripping with human 
gore, will hereafter be unnoticed, or will be read with horror and disgust, 
while mscovERiES in science and descriptions op useful machines, 
wili be all in all. 

It is pleasing to anticipate that day, which the present extensive and 
extending diffusion of knowledge is about to usher in, when despotism 
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shall no longer hold the cheat mass of our species, in a state of unnatu- 
ral ignorauco, and of physical degradation, beneath that of the beasts 
which perish 5 but when the mechanics of the world, the creators of its 
wealth, shall exercise that influence in society to which their labors en- 
title thenn 

If we judged correctly of human character, wo should admit that the 
mechanic who made the chair in which Xerxes sat, when he reviewed 
Ins mighty liost, or witnessed the sea light at Salamis, was a more use- 
ful metiihcr of society^ than that groat king : — and, that the artisans 
who constriictoil the drinking vessels of Mardomus,‘and the brass man- 
gers in w'hich his hoi’ses were fed, were really more worthy of posthu- 
mou« futile, than that general, or tho monarch he served : and, if it be 
mere virtuous, more iiraiaewordiy, to alleviate human sufferings than to 
cause? or lucrtmHe tlunxx ; then tliat old mechanician, who, when Marcus 
Serghm lost his hand hi tho Punic war, furnished him with an iron one, 
wa« an iiu?oniparal)ly hotter man, than that or any other mere warrior: 
and «o \vm lus who, according to Ilorodotus, constructed an artificial foot 
for IfegiMostratuH.*^ 

N'tjewitlmtuiuiing tho opinion of Plato — wo believe a description of the 
woiiKHiioi*« of D.epaIiUB, and of T Alexis Ixis nephew; those of Theodo- 
RUH of SumoH and of Glawous of Chios, (the alleged inventor of tho in- 
laying afmetak;) an account of the process of making the famous Lesbian 
aTicl Dodtnumn cmuklrons,^ and of the motliod bjr which those celebrated 
paintings in gla«H, wore executed, fragments of wlxich have come down 
to un, f«»l which liave pirA^led, and stili continuo to puz7do, both our ar- 
um tuid our clunniHtB; (tho figures in which, of tho most minute and ex- 
quisite finish, imm culiruly and uniformly through tho glass ;)« if to tlieso 
were udihni, tho particulars of a working jewellor^s shop of l^ersopolis 
nud of 'fVoy; of a lapidary^s ami an engraver’s, of Memphis; of a cut- 
Iur*g imhI uphubturcr's of Damascus ; and of a cabinet maker’s and bra- 
^br*ii of Horne ; together witli those of a Sidoniari or Athenian ship yard 
a rtunml would have been more truly useful, and more really in- 
than almost all that ancient philosopliors over wrote, or poets 
over sung. 

A dtiijciripuon of the roiiNDRimj and foeges of India and of Egypt; 
of fliihylon and ilys^antium ; of Sidon, and Cartliage and Tyro ; would 
have irnpartod to uh a mare aceurato and oxtensivo knowledge of dxo 
ancit?rit*f, of thtfir munnerxi and custorna, their intelligcnco and progress in 
irionct% than all tlm worki of their liistorians extant ; and would have 
tif infinitely greater service to mnnkiTid. 

Ifad u nurriifive bmui preiUTved, f>f all tho circumstancos wliich lod to 
di# invfuuioii and early npplicutiaiig of tlu^ nnvEU, tlie schkw, the wedge, 
Wl4.llir, W’liKEf. iuhI AXi.H, ; and of those which contributed to dio 
dimivitry ami working of rlie inetalH, tin? uhc and management of fire, 
agriculture, ipiuning of rhnnul, matting of felt, weaving of cloth, 6cg. it 
would limvft teen the innsc ju^rfer-t lilstory of (uir species — tho moat valua- 
ble of minhly legixcteii. I'lniugli auch a work might have been di^emoJ of 
irifling import by philo^iophers of old, with what intexise interest would 
it have Imen p^ruscil by HtMcmtifie mc?n in niorlorn times I and what 
|nire delight ifi^ examiriialon would havt? imparted to (wery inquisitive and 
niirlligiuit riiirui 1 

8neh it record, would not only have filled tho mighty chasm in the early 
hi-siory of die world, but would liave had an important influence in pro* 

* Hrrmi. lx. rrr ^ Emntl, iii, r4i5, and v, U50. Herod, iv, 01. Kd. Encyc. Art. Ohm, 


iron was first cast into cauldrons, forged into hatchets, and drawn into 
wire; with an account of the individuals, by whose ingenuity and pers^-^ 
verance, these invaluable operations, were, for the first time on this 
net, successfully performed. Finally, it would have convinced us, tha^t^ 
these men were the true heroes of old, the genuine benefactors of theii* 
species, whose labors were for the benefit ages, and all people ; and 

aii account of whose lives (not those of robbers,) should have occupied thio 
pages of history, and whose names should have been embalmed in evei — 
lasting remembrance. 

A chronological account of a few mechanical implements ^ would have af-- 
forded a clearer insight into the state of society in remote times, than any wr*x- 
tings now subsisting. Nay, if we could realize a complete history of a singZ^ 
tooli as ahammer, a saw, a chisel, a hatchet, an auger, or a loom, it would form 
a more comprehensive history of the world, than has ever been, or perhapB 
ever will be written. Take for example a hammer; what a multitude of in -* 
teresting circumstances are inseparably connected with its development, 
and early uses ! circumstances, which, if we were in possession of, would 
explain almost all that is dark and mysterious respecting our ancient pro- 
genitors. A history of this implement would embrace the origin and g'o- 
neral progress of all the useful arts; and would elucidate the civil and 
scientific acquirements of man, in every age. It would open to ovix* 
view, the public and private economy of the ancients ; introduce us ir^to 
the interior of their workshops, their dwellings and their temples ; it; 
would illustrate their manners, politics, religion, superstition, &c. In trsL- 
cing the various purposes to which it was applied, we should become ao- 
quainted with all the material transactions in the ’ lives of some ancient in- 
dividuals from their birth to their death; and also, with the circumstances 
which led to the rise and fall of empires. Like the celebrated “Historjy' 
of a Gruinea,” it would open to our inspection all the minuticB in private 
and public life. 

How infinitely various, are the materials, sizes, forms, and uses of tlxo 
hammer 1 and how indicative are they all of the state of society and man- 
mers'l At first, a club; then a rude mallet of wood ; next, the head form- 
ed of stone, and bound to the handle by withes, or by the sinews of ani- 
mals ; afterward, the heads formed of metal. These, before iron or steesZ 
was known, were often of copper and even of gold; and subsequently, 
those of the latter material were faced, like some ancient chisels, with tKo 
more scarce and expensive iron.*^ 

Ancient hammers varied as now in size, from the huge sledge of tlxo 
Cyclops, to the portable one, with which Vulcan chased the more delicato 
work on the shield of Achilles, — from the maul, by which masses of oro 
were separated from tlieir beds in the mines, to the diminutive ones, whicli. 
Myrmccides of Miletus, and Theodorus of Samos, used to fabricate cai*- 
riages and horses of metal, which were so minute as to be covered by tKo 


appears tliatin the tangible remains of smelting furnaces, found in Siberia, that, 
gold hammers, knives, chisels, (&c. have been discovered, the edges of xohich vi^ere skil- 
iwWy tipped teith iron ; showing the scarcity of the ore, the difficulty of manufacturhi ^ 
it, anci the plenty and apparently trifling' value of the otlier.” Scientific Tracts, BosSi 
ton, 1833. VoJ. iii, 411. 
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The Hammer. 


[Book I 

wings of a fly. Its lias always varied, with its uses, and none but 

modern workers in the metals can realize the endless variety of its shapes, 
which the ancient smiths required, to fabricate the wonderfully diversified 
articles of their manuafcture : from the massive brazen altars and chariots, 
to the chased goblets, and invaluable tripods or vases, for the possession 
of which, whole cities contended. 

The history of the hammer in its widest range, would let us into the 
secrets of the statuaries and stone cutters of old: we should learn the pro- 
cess of making those metallic compounds, and working them into tools, 
with which the Egyptian mechanics sculptured those indurate columns 
that resist the best tempered steel of modern days. It would introduce us 
to the ancient chariot makers, cutlers and armorers ^ and would teach us 
how to make and temper die blades of Damascus , as well as those whicli 
were forged in the extensive manufactory of the father of Demosthenes. 
It would make us familiar with the arts of the ancient carpenters, coiners, 
coopers and jewellers. We should learn from it, the process of forging 
die,s and striking money in die temple of Juno Moneta ; of making the bod- 
kins and pins for the head dresses of Greek and Homan ladies ; while at 
the religious festivals, we should behold other forms of this implement 
in use, to knock down victims for sacrifice by the altars. 

Finally, a perfect history of the hammer, would not only have made us 
acquainted with the origin and progress of the useful arts, among die pri 
meval inhabitants of tMs hemisphere ; but would have solved the great 
problems respecting tbeir connection with, and migration from the eastern 
world. 

But although we jusdy deplore the want of information relating to the arts 
in general of the remote ancients ; it is probable that few of their devices for 
raising water have been wholly lost. If diere was one art of more importance 
than another to the early inhabitants of Central Asia and the valley op thb 
Nile, it was that of raising water for agricultural purposes. Not merely their 
general welfare, but their very existence depended upon the artificial irriga* 
tionof the land; hence their ingenuity was early directed to the constniction 
of machines for this purpose ; and they were stimulated in devising them, by 
the most powerful of all inducements. That machines must have been 
\ pensahle in past, as in present times, is evident from the climates and phy- 
sical constitution of those countries. Their importance therefore, and uni- 
versal use, have been the., means of tbeir preservation. Nor is it probable 
that any of them were ever lost in the numerous political convulsions of 
old. These seldom affected the pursuits of agriculture, and never changed 
the long established modes of cultivation; besides, hydraulic apparatus, 
from tbeir utility, were as necessary to the conquerors as the conquered.® 

Perhaps in no department of the useful arts, has less change taken place 
than in Asiatic and Egyptian agriculture. It is the same now, that it was 
thousands of years ago. The implements of husbandry, modes of irriga- 
tion, and devices for raising water are similar to those in use, wlien Niniis 
and Nebuchadnezzar, Sesostris, Solomon, and Cyrus flourished. And it 
would appear that the same uniformity in these machines prcvaihjd over all 
the east, in ancient as in modern times : a fact accounted for, by the groat 
and constant intercourse between continental and neighboring nations; the 
practice of warriors, of transporting the inhabitants and especially the me- 
chanics and works of art, into other lands ; and also from the gi-eat impor- 
tance and universal use of artificial irrigation. 


^Battles were sometimes fought in one field, while laborers were cultivating unmo* 
Icsted the land of an adjoining one. 
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S Division of the Subject, [Book I 

SEiiS for containing it; on wells and fountains, and customs connected 
with them, &c. 

Some persons are apt to suppose the term hydraulic machines, compri 
sea every device for raising water; but such is not the fact. Apparatus 
jjro;pelled by it, as tide mills, &;c. are hydraulic machines; these do not 
raise the liquid at all; while on the contrary, all those for elevating it, 
which ax'e comprised in the second class, are pneumatic or hydro-pneumatic 
machines, their action depending on the pressure and elasticity of the at- 
mosphere. 

The first Class includes those, by which the liquid is elevated in movable 
vessels, by mechanical force applied to the latter. 

Water raised in a bucket, suspended to a cord, and elevated by the hand, 
or by a windlass; the common pole and bucket, used daily in our rain wa- 
ter cisterns; tlie sweep or lever so common among our farmers, are exam- 
ples of tliis class'; so are die voiious wheels, as the tympanum, noria, 
chain of pots ; and also die chain pump, and its modifications. This Class 
embraces all die principal machines used in the ancient world; and the 
greater part of modern hydraulic machinery is derived from it. 

The second Class compnses such as raise water dirough tubes, by means 
of the elasticity and messuro, or weight of the atmosphere; as sucking 
pumps, so named; siphons, syringes, &c. 

The aplication of these machines, unlike those of die first class is limi- 
ted, because the atmosphere is only sufficient to support a column of water 
of from diirty to thirty five feet in perpendicular height; and in elevated 
countries, (as Mexico) mucli less. Numerous modifications of these ma- 
chines have boon made in modem times, but the pump itself is of ancient 
origin. 

Tliose which act by covvpression are described in die third Class. The 
liquid being first admitted into a close vessel, is then forcibly expelled 
dirougli an aperture made for dio purpose. In some machines this is effect- 
ed by a solid body impinging on the surface of the liquid; as die piston 
of a pump : in odiers, the weight of a column of water, is used to accom- 
plish die some purpose. 

Syringes, fire engines, pumps which are constructed on the same princi- 
ple as the common bcllov/s, are examples of the former; and the famous 
machine at Chernnitz in Hungary, Heron’ sfountam, pressure engines, of 
the latter. Nor can the original invention of these be churned by the mod- 
ems, Like die preceding, dicy were first developed by the energy of an- 
eioiit intollccts. 

l^ourik Class. Thoro is however anodior class, which embraces several 
machines, which are supposed to bo exclusively of modem origin ; 
and some of tiicni are by far the most interesting ancl pliilosojdiicnl of all. 
Sudi as die Bdlior liydraulique, or ram of Montgollier ; the ccmtrifugal 
pump; the fire ongiiio, so named because it raised water the help of 
fire;” that is, the original steam engine, or machine of Worcester, More- 
land, Bavaty and Papin. 

In the fifth Glass, wo have noticed such modern devices, ^ as are either 
practically useful, or interesting from their novelty, or the principles upon 
which dicy act. An account of sqdions is comprised in this clfiss, fee- 
marks on natural modes of raising water. Observations on cocks, pipes, 
valves, &c; and sorno general reflections arc added. 
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Religious Opinions respecting Water, [Book I. 

iState, it appears to be destined, (tbrougli tlie steam engine) to accompHsli 
the greatest moral and jphysical changes, which the intellectual inhabitants 
of this planet have ever experienced, since our species became its denizens, 
The distribution of water is not uniform over the earth's surface, nor yet 
under its crust. ^While in some countries, natural fountains, capacious rivers, 
and frequent rains, present abundant sources for all the purposes of human 
life ; in others, it is extremely scarce, and procured only with difficulty, and 
constant labor. This has ever been the case in various parts of Asia, and 
also in Egypt and other parts of Africa, where rain seldom falls. It ig 
only from a knowledge of ihis fact and of the temperature and debilitating 
influences of eastern climates, that we are enabled to appreciate the pecu- 
liar force and beauty of numerous allusions to water, which pervade all 
the writings of eastern authors, both sacred and profane. Nor without 
this knowledge could we understand many of the peculiar customs of 
people of the east. 

Mahomet well knew that his followers, living^ under the scorching 
rays of the aun, their flesh shrivelled with the desiccating influences of 
the air, and dried up with thirst," could only be moved to embrace bis 
doctrines by such promises as he made diem, of ‘‘ springs of living waters,” 
security in shades," amidst gardens" and fountains pouring forth plen- 
ty of water."^ Nor could his ingenuity have devised a more appropi'iatt 
punishment, than that with which he threatened unbelieving Arabs in hell. 
They were to have no mitigation of their torments; no cessation of them, 
except at certain intervals, when they were to take copious draughts of 
and hoiling water."^ It was universally believed by the ancients, 
that die MANES of their deceased friends experienced a suspension of 
punishment in the infernal regions, while partaking of the provisions which 
their relatives placed on their graves. The Arabian legislator improved 
upon the tradition. 

The orientals have always considered water, either figuratively or lite- 
rally, as one of die principal enjoyments of a future state. Gardena, 
shades, and fountains, are the pi'orninent objects in tbeir paradise. In tlio 
Revelations we are told ** the Lamb shall lead them, (the righteous,) un- 
to living- fountains of waters." Chap, vii, 17.— A pure river of water of 
life." Clmp. xxii, 1. The book which contains an account of the religion 
and philosophy of the Hindoos, is named anberticenh, signifying, ** the 
cistern of the waters of life."® 

Inhabitants of temperate climates, seldom or never experience that ex- 
cruciating thirst implied in such expressions as " the soul panting for wa- 
ter;" nor that extremity of despair when, under such suifenrig, the exhaus- 
ted traveller arrives at a place ** where no water is," Under these cir- 
cumstances, die orientals have often been compelled to slay their camels, 
fbr the sake of the water they might find in their stomachs; and a sum 
exceeding five hundred dollars, has been given for a single draught of it 
It is necessary to experience something lilto this, in oi’der fully to com- 
prehend die importance of the Savior's precept, respecting the giring “a 
cup of cold water," and to know die real value of such a gift. Wo should 
then see that sources of this liquid are to the orientals, literally fountain 
of life^' and " of salvation^ And when we become acquainted witli 
dicir methods of raising water, we shall perceive how singularly apposite 
are those illustrations, which die audior of Ecclesiastes has drawn from “tho 
pitcher broken at die fountain;" and from the wheel broken at the cis- 
tern." Chap, xii, 6. 


Sale's Koran, chaps. 56, 76, 83. Koran, chaps. 14, 22, 37. ^Million of Facts, p. 263. 
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was froiu tilt' luu’loat iiiluibiiaut-’ that rosiioti^Si! ih aua h. «•! r’s»*- ni. 
kalLU*, uiNirly all lha art i, uud not a low *»!' tlio tn-.uinur'i uiarh 
ut. iIiIh tlay, NV«*n' itonvod. 

'riiJit iiiniiut thc» tir"4 iiuif.itiHi tho hmvr mnmU m t|«rn«-h:o.- aS 

till? ruinmu(Hlrrfitn, thon* ran !ro noihnii»l. !t U'.oi nainral, uud I’rrrvi’ir^ i^l 
wan M», iii^ tioHrontlaiit-i hnio tihvay.Ji %vhrn ni.;*|rr t if * 

(‘uniHtanrrH, to iollow !ii*i t^MUnplo. l‘h«t yihiitlnisint.-^ ol | uz:.|, fttol 

otiior f?ava^n‘H quruu-h thrir rlnr-^t is4 f]m nmnirt\ |l r. hy A^^w-u I 

Tho IiulianH of (’alifornla Wa*r«’ nh-a*rvoil hy »^lioUn^rk in Tf l-q ?••• 
da^ HUinr inothoih ** Whon fhoy ’^^ant hi slnnk !h«»y k** ^ 

'I'hr hrutluui thhtU‘’-'», who in Urro i!5nta5|fnn!o’4 lio'n an. I 1 . 1 .** 

intiU, that wt'ro idol^otl atb'r thn^th, arr rrprtn-mfrd ii^ j»rfu s/o?? ns?. I 

^iuiilar priinovul cntJitonnt, 'riiui < Hn4 dr^H-iaho-'s li KVttHA on n jonrinn 4 
lauguishin^f with ihinu, 4»o arrivo« at n luo^k, 

kwAmg tui sb*'» t'lnil* 
tiS thr ht^^h fi'iK'Of, i^O'l* nf.l !m Usjuv, 
litu !int*l»"ii:-»i to sti«» s.ssni 1f.'?.o’'3 ^ 5 , 


Whrn cin’uiii-aaui'fj jrsuirr«*«l n «l-h. rjit s«-a*n n‘.«- u «i 

uanitil, them " thr /taHttW o/' an un*-4 !.. Ij v.,nN--j :? 

(ddoonN hohluT'l pur^n«-tl |i^«lh moj*-?! m aUajiUi-./ tfx»-n, f.lr4' as..?. '* 
Wa^fho prartiro ol’ th** /os?* ttho h Ih'tntrnon v< m*- s'i :,a a ..Atn*‘ni.^* 

whirh iialurnl that phihrsopio-r lo I'hufVit sn%.^i.y h^n jis4|<f* a,i!i ras i®n|4«nisir*nC uu 
lun|.trr lu'rr’iiary. 

Virgil rrpivHonn ii^raM j»rmfinii4|| lu 

*rt>!f«n *« loa 

I'nim tlomt i;® ifin, *»:» iH^I^ 

Aral m lln^ §*f t| mnlsihlo %rnnr!, nr44!fi S88 fi'44? 

»amn way* I'lai pnu'thtn wm rointtn.n, 

A® hy lt»r« loouk »?ri‘r« 4 . 

Up f4roc»|<t*4 ilip lg«*!fu ilis^ tl8M«4 ^ 

*rb»»tl W*i|t hia hnO'ta IfjK? 'Jif^lsa ft« lats? 

Alpl |«»' 44 j 9 . lini |?** 6 Sr|@ .^iO’Sir. ‘Squill ^ffsS'ita 

“ At *ui!in'’/r, rho llntwin^ waf^’r one -. 4 %^ mh -JJ i Aix- «4*fLirjr 

hand’-?, wlijrh thr-y throw jHniioimo’n lo-iogiid <'Us4 3 ilsrsm* ;?.■ 

Vokiu?" Urania."*’ 

f h'roilohri, drirnl»uo.-f ttio n, .vts sn*.! |t-4t^.,*-4o of <■:; 

Alrit’u* oh'»orvon, ** whou fh«"V |4**4ro llona' ;%so4, als.sjk a''* -■. aO- 1 ■^‘ 
iVom rnrh oilno’fi li.uidn fi*. sv, « unf^on ^!'.|l f*ro.,3,srir-:| -.v -. =-..■ %\,r% 

tlo*i<*ot»tanU, If ?«* rn'rordsni-t h> lU. »^h' 4 W* soo-v » ^-’irj., ■- -i •, 

UMi’tl l»y tho AIrrnnon ng flom fnar? drr- 4 %«'U, o .’So.: 

A Hindoo, rsifty'i .Nl?'. Watd* ‘slrnr.k^ d-s'sl «'4 •;». IxT.snn i' •, ; < ■•■' ? ,«• 3 o» 

cjuiili ill tho of hn hand's, »^.fsh«t If'.sx.!- --:, l.-io , f'}..- , 

of drinkiin-f nny apprar fo m r-#n»iao5r4 ^ -.o i . h-^A m 

niut«"a, tlio th' %;Kihty o| fhr lonnau -and th,r; p-r? 0 

nf it rit.ny and no! ir.nj.-p a*- «'lnl 

I dtitnk t *"| w* at “f I ^ V 'Of t Vi' ' 4 4 1 ■ ft-a ' .. ?ji!i n?? ';■ r Ti «!•“ / ^.I jr I ^ 51 ihr* 

hotfoin ghMiin'd rlrars? j?r'-r d^o.p K'n--'...;h ?•» 'ss.- mm « np 


» Vtiyafr'a rninpl sisp Wnfl4 si. * 4:11 h«$i 1771 ‘ Ja4g «5:t^ 3'0„ % >» 

*Hnnnfff4i, \ u)4||«< Sm- il^ss |,3.3| Imli^a % Int t.Akmii#* 
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[Book 1. 


Traditions of Man^ 

(Lord Lindsay’s Travels, letter 7, Arabia.) Anodier English traveller no- 
laced women in India use “ tlieir hands as ladles to fill their pitchers.” 

Some writers supjoose that Adam, at the beginning of his existence, was 
not subject to such inconvenient modes of supplying^ his natural wants. 
They will have it, tliat he possessed die knowledge of a philosopher, and 
was equally expert as a modern mechanic, in applying^ it to the liracticol 
purposes of life. It need scarcely be remarked, dmt this is imaginary : wo 
might as well credit the visionary tales of the rabbis, or digest the equally 
audientic accounts of Mahomedan writers. According to these, Adam must 
have been a Uacksymtli, for he brought down from 2 yciradise with him, five 
tilings made of iron; an anvil j sl fair of ton^Sj two kaimners, a largo and a 
small one, and a needle! Analogous to tins is the afiirmation of the Scyth- 
ians, mentioned by Herodotus,® that there fell from heaven into the Scythian 
district, four things made of goldj a f loughs a yokCy an axCj and n. gallet. 
The palladium of Troy, it was said, also, fell down from heaven. It was 
a small statue of Pallas, holding a distaff and sjmulle}^ 

We bcliovo there is no authority in the biblc, either for the sujKU’iority 
of Adam’s knowledge, or of the circumstances in which lu^ was placed; 
on tlio contrary, Moses represents Iiira and his immediafo desceiKlants, in 
diat rude state, in which all the original and distinct tribes of mtm have been 
found at one time or another; living on die spoiitauoou.s productions of the 
earth, on fruits and roots; ignorant of the existence and uso oflhc^ metals, (and 
there could be no civilization where those wero unkiunvn;) iiak(ul and in- 
sensihle of die advantages of clothing: in process of time, using a .sliglit co- 
vering of leaves, or other vegetable productions, and anbscupiinitly applying 
the skins of animals to the same purpose; then constructing huts or dw(dfmga 
of the leaves and branches of trees; attaining the knowledge of, and use of 
fire ; and imdcing slight attempts to cultivate the earth; for slight iiidt'cd diay 
must have been, in the infancy of the human ract^, ladbn* animal power 
v/as apifiied to agricultural labor, or tbo implomcnts of hnsliandry wore 
knowm Of dioso last, rudo imploments formed of sticks, might \nivo biuai, 
and probably were used, as they have lieen hy rudo 2 a'o][)i(j in all ag(‘H. 
Virgil’s description of die aborigines of Italy, previous to tlu^ rtngn of 
Saturn, is merely a poetic version of traditions of miui in primeval times: 

Nor laws they know, nor uiaunera, nor the vaiyo 
Of labhinff oxon, nor tho shining shtiro, (Um plough.) 

Nor oi'tfi of ^ain, nor what they gninod to spare. 

Thoir ©xorctso tlie clmso ; tim running Jlood 
Suppliod tJtcir thirst : tho trms HUppliuil thdrfood. 

Then Saturn came. En, viii, 421). 

Vitmvlus says, In ancient times, men, like wild btnists, liv<*d in fonjsts, 
caves, and groves, fet*diiigon wild food; and that tht^y a(*.(|uircul tlui art of 
producing fin;, from olj.serving it evolved from the brancho.s cd’ tri*(‘.s, wlaui 
violently rubhed against (uich other, during ternpcistuouH wind.s,”*^ 

Similar traditions of tlufir ancestors were pn;.Mi‘rv(*d by all tho. anriesnt 
nations, and some of dieir religious ceremonio.s wt‘r<* laisod tipon thorn. 
Thus at die Plynteria, a festival of the Greeks in lumor of Minerva, it was 
customary to carry in die procos.siou a chi.stcu- of Jigs, which intimated the 
progress of civilization among dm first; inlial)itanlrt td’ tin* ('arth, as figs .Min-vod 
them for food, after tliey had ac([uirc;d a dl.srelish for arorns. llte Arca- 
dians cat apples till tho Lacedemonians warnal wdth thern.*^ 

The oak was rovered because it aUbrdedman in tin; ngt*s, both food 
3ind drink, by its acww and honey, (beai.s. fnajiumlly making tlndr liive.s 

*iv, 6. ^ Tiuitjo and similar traditions of other pcopli;, indicate ilic extrnm nnthiuii^ 

jf tho imphnnonls irnniod. Th© ancionta wore uh ignorant oftlioir origin us wo are. 
c ji, 1. ^ I'Jutarch In Alcibiados and Coriolanus. 


J» Primmi TSfnrs. 
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Ohap. 2*] 

upon lt|) ami from thh tnnniiiHtanot* pruKulily* \\«ui It iiiiTtnl u^ Jupi=* 

tor.’* Tlu^ oltlt'ir PiitiJ, io prunn to lui iiUh nf trm 

whioli boar moMt, whioh ho, niusi^tortHi th»^ ^/iVif ib ui nnc*» ioir |br«?- 
fathori?.** Thiw Ovitl in lioaoripiion uf thi* |p*Kh'n h|:o : — 

'J’ju' tfinuin^ t’jirih, y«^i giiidtii»« (»f' tlw |*iem^h* 

Aatl Ufij[>n»v<»k»ttl, ilat Ihijilbl ; 

(’onti'Ot Willi lurtii whirh niiluri- fruity hyr?!. 

On wiUlin^»< niul tm »irii.wl»rffn’® iJn v , 

<?nrnrU ami brninblo g4%'o tlm rr^af. 

Ami liUiing m'orma luou^t^ii mu tke u, 

In thi^ anfiout hbtorio'* oflln^ (*hiiir's«% ii h m-isnlml f»ffh«nr r«oj^«stt nts- 
oikHtorn, tlnit iht'j woro ontiroly luikotl ami livml in riivn; i!i«nr f%.n| «*il4 
uutl friiitjj, autl iho raw lif aniinaNj uni4 fho arc af t^siastnng 
fiw by tlitJ rubbing of two togiuhor wm itHravrroJ, 

infrotliioml. 

Tbt^n; arc* por.^on?* Imwovrr, who nuppn^o ii ibo I. lo 

inmgino that Aiu>M* tho miinirnliaro w^rk of hi^ hfiinl#, ntn! ih*r’ sni«*'IIr^-tn»! 
ami niontl hoatlof lint huinaii fitnoly, aliotitf! nc any |»ooo4 *4" b?# 
havo Iwrm {lo^-itituto of many of rt^-iuurrr^-i winrU ih«^ I nils ant 4" our 

eondfiont^ ami othor ^aivagofi ; aifh»«5tgb it s-j fnsibus?, thai ti-snn^ 

dmo muHt havo okp^iHi bolbro bo rtml*! roulsv-.«% lif ls»' i-mu' » lulj at! fbrt 
c.onvoniiumo'^ whioli tnon tht^y fajny. 

4'lioro in nothing iirir‘riUont.bhi or tantiu j|»fninl m -nutu*' fkrt 
priinitivo arm ori|o'nnf«"4 in nmn*'? w -iui-.. Is^ 1. t®'-**;* » I 

not luivt' hmui introibirsni in any oclsrr uay, hn sf s-s *'s:} ?.* 

THum tho ( boats n* wonhl ihrm'dy rruoul un si.if fit man, tisr v.f 'wh.. k 

ho mmhl m»t piwocnvo, ami tho o^oisun^ t4’ w-l«irh Iss-s 4.4 ss-^! 

Nor ootihi any art havo boon prfsrfvrJ. m ilm os^rly »onrs't*»i it in* 
niHlmd otinvonionoo^ wbioh rs«il4 ni«f i4ln<rwi«? Iw prorsupsl. t .l-n 
othor o.onf^hli'ratiun ronhl dm *tiirly uibabUtiinia of dm %%^oi'|4 ksi^rs is* 
chiooil to praodoo il, Hut wlion ^uorsi** aiirmlftil dm of ibr^ar in 

gmiuity in <lovi5iiug mt-sana Ut iuppty llonr miiural ats4 as'tilt«u:4 um 

.^huplo armwindil Im gri4«luall¥ isilrmbsorst. ami dour |»nn.ns'^s un4 
tuity ^iKuirtal by fmoffor ami Ity that alomn 
This appiim*^ to havii Wmn ilut opsiuon of ilw uts* 

Smm wilb*l ik^il infill, hy hmg unghi, 

ISh#til4 s^arniiaa art* ifw^nl by SVl 
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Original Water Vessels 


[B( 


CHAPTER III. 

Origin of Vessels for containing water — The Calabash the first one — It has always been 
Found by Columbus in the cabins of Americans — Inhabitants of New Zealand) Java, Sumatra, 
the Pacific Islands employ it— Principal vessel of the Africans— Curious remark of Pliny respe 
—Common among the ancient Mexicans, Romans and Egyptians— Offered by the latter people < 
altars— The model after which vessels of capacity were originally formed— Its figure still prese 
several— Ancient American vessels copied from it— Peruvian bottles— Gurgulets— The form of tl 
bash ]’>revailed in the vases and goblets of the ancients— Extract from Persius’ Satires— Ancient 
for heating water modeled after it — Pipkin — Sauce-pan — Anecdote of a Roman Dictator Tl: 
mon cast' iron cauldron, of great antiquity ^ similar in shape to those used in Egypt, in the time 
mcses— Often referred to in the JBible and in the Iliad — Grecian, Roman, Celtic, Chinese, and P 

cauldions Expertness of Chinese tinkers — Croesus and the Delphic oracle — Uniformity in th( 

of cauldrons— Cause of this — Superiority of their form over straight sided boilers — Brazen ct 
highly prized — Water Pots of the Hindoos — Women drawing water — Anecdote of Dariut 
young female of Sardis — Dexterity of oriental women in balancing water pots — Origin of- the ( 
—Ingenuity and fraud of an Egyptian priest — Ecclesiastical deceptions in the middle ages. 


Water being equally necessary as more solid food, man would eai 
impelled by his appetite, to procure it in larger quantities than wei 
quire d to allay his thirst upon a single occasion ; and, also the mea 
which he might convey it with him, in his wanderings, and to his fi 
It is not improbable that this was the first of man's natural wants ^ 
required the exercise of his inventive faculties to supply. The li 
ance of the vegetable region, in which all agree that he was placed 
nished in abundance the means that he sought ; ^nd which his natui 
gacity would lead him, almost instinctively, to adopt. The calaba 
GOURD, was probably the first vessel used by man for collecting anc 
taining water; and although we have no direct proof of this, th 
evidence, (that may be deemed equally conclusive,) in the general i 
that man, in the infancy of the arts, has always, when under simile 
cwmstancesy adopted the same meanSy to accomplish the same objects. 
this, proofs innumerable, might be adduced from the history of tl 
world, particularly with regard to the uses a-nd application of n: 
productions; and when at the close of the fifteenth century, Coin 
opened the way to a new world, having in his search after one continer 
covered another (of which neither he, nor his contemporaries ever dr 
and which in extent exceeded all that his visions ever portrayed ;) he 
the CALABASH the principal vessel in use among the inhabitants, bo: 
containing and transporting water. 

The calabashes of the Indians, (says Washington Irving,) serve 
the purposes of glass and earthenware, supplying them with all sorts 
mestic utensils. They are produced on stately trees, of the size of elms.® 
New Zealanders possessed no other vessel for holding liquids ; ar 
same remark is applicable at the present day to numerous savage t 
Osbeck, in bis Voyage to China, remarks, that the Javanese sold tc 
ropean ships, among other necessaries, bottles of gourds filled wit 
ter, as it is made up for their own use."^ 

When Kotzebue was at Owbyhee, Tamaahmaah the king, althou^ 


Irring^s Colum. i, 105, and Penny Mag. for 1834, p. 416. ^ i, 150. 



T/ie (\iitifH{s/i, 


Chap. 3 ] 


m 


e!<»|4’arit h#iirt»peaii fnbU‘ uhih! attljruu*r. a 

mg laronhuigli, iiiio wiat'h ha tUp|u*«i hln uml <’<>nvav«*<l It hy 

tlunn tt» hiH aHHilli, ohsrrving to llii‘ iiavigatort ** tins is rha vm- 

loin in luy rtmurry am! I \viUut*f ih-purt it.”*^ 'riii,s r« nitluc-f of 'I^a- 

inaalmiiiah, rasrnililod that of Mtao/.uiini. Si4iH ttlisorvos, that hf» haj 
“ oupH of gi‘hi anil ^.ilvors of tho hhiui%‘* hot that ho :annrtimo:i {irank call 
of ofanKis luni naturai ahoU/iJ* 

Wlion Kia;o*liuo rovisit»*i! llio Uuihifk !'*4Hntls, “‘lit' r*irrir»l fn fhin.i 
StHHi.H t*f guuulH for vaiiuihh* vo«:a‘lsf* ai^ Woll m othrrn *'»f whirh tho- 
friut IH oalon,’-' 

“ Thi‘r«» i'H a moro o-'^fooiuoii hy th«' inhalhianti of Joliaiina for 

tho iari'.i* tha-u for fho moat. It wifi hohl a pailful, lla fignro ti 

likt* a inan’a hoaii, ainl rnlhala oalahanhf 

Tim pi‘o|>lo of ^'^niiiafra ilrink tito i^f tbii fruit riilfiul idiui, roHi-iiihlini^ 
iht^ riiliiihtHh i4 ilifi W o.Hi imlir-s : a h«»io h«hn|,t tuaih* in th»* of ih#i 

titfok anti anoiiior tmo at tin* top for vriif. In «lrinkino rhoy |f»U5ora!ly 
holti tin' vo’-KHof af a ilisfauri’^ iihovo ihrn’ mouthfi, (liko ihr uiM'irnt. Cirrrk'i 
luai Hiuirorv'l am! raft'h tho .Htroam an if falla; rhi* |i<|ttiii lioanuitlliig to llio 
I'ltiitnarh wifltoul fho rmUitm of’ .n\vallou‘ino.«» 

llir Japano'io |ia%‘o a lra»iitiou that iho hn.f mnti tnvoil lii.i launp fit i-i 
ruliih.oil} J’ 

t’upf. If.trrs'u in liia " Wifi •. ports <if Sonrlit-in Afritsf* O'hai*. \ \ siJ in 

<|f"irrihino fhr |'r*n»lrnr»‘ i*t f fu- nig , ,f Kspnio, t lirii-m «‘n, " fhr fin'iiihii'ii 
Ci»irirjfr»| r \i-Iinni. rly of r;i.laha'4i»''i o| itn-r, ritnr'oti ri«UM*l fin- WiiJl/’ .\ia! 
igtain m rhap. " a f*nv moioa^], rnUiVV t|o:i»u‘Viii'* fhr n.nnr »'if vt-;.;.-!,;!.'' 

hh's, Wi'jr llir only IrnU %m‘ int-f v\j,fh ; an*l fhr«'-;o i pio-snsno afo nurf uro-l 
i'liii'fly tor tliv gMiusI, \i. Intn'i ln-rojar's flaar i'.Uahaah or wal*'!’ fia’.'oiif* 

Clav nnn’o ').iy --s, “ I h«* ihsnkmp \»*{3si‘|n «>! fla- antarn! !Vf*^ \naiiri, worti 
ma<io «4' a frir4t *ui<ol-4r f** ponolt/'it 

For ntji'h piiirp*»:’4o#j^ flat ral-.ihrinh o%-ri' hi*«ui uiinl wlioinvrr if \¥a 4 
kinnvii, iiinl u ill roiifinn** lo hr no, jtn long aa it in'oWfi anil inaii livoi. 

*riir rhfsT FllUV, III Sprakurg of tho f'nff|Vliflr«n of' [i -|t«o ir'-, of 

wllirh W'rru t|?5ril ao looi| liy |hi<. Iloiiiimf*, *4o-rju rs, “ of* /j|?r fir* v h:\% 

hmii lisi’i! in tiafli^ ainl liol hi»iisr?i for pof^ aial pif'i-hoi-'s hnf 1,0 
liiiil lliry wrrr* n-^ni in itmn to *■051!. an winr, *' ui pf-o'r* of' inn*!- 

imil harrrk/' From him r h-arn that tin* ■AtH-irufi ha^l •Joir:. r*. rfoil 
1 I 111 nirair*^ of r*itiiti'oi|iiig l|p%r forms iit |»ir4nur*“. Hr ’ui% praiisfs ar»^ 

prusliiroii from 'irinl.ii fakirfi lr*.»rii fhr m-i'l ; whilr- th.r;r l-oiii ihr mahlltf 
proiltlt'o riiiiifr/ or si»hrrimi aii 4 iIiosp iVmti iil'iirg foriJi ,:stir|| 

iia iir«^ nhiffi ami linrk^ 

Aiiioiig fhr i:tl|priit|.t.i whif4i ihp K|/ypti<in« phnaai on ihoir nliam* 
tin* potiri!, All tlialriiiahlo prmif nf tf^ I'alur m ihrtr oaiiitiitlion ; I'Mr i,m. 
tiling ttas rvpriillhml |iy to ilirir fU.i4‘U ^vlnrli 'was osu lorh'ly 

ortmiif'il hy thmmrhr^) 4‘iio ro 4 a«au‘atiMti nf lln« |iritlpn a! Vi-so'l, m 

t:i»iiii«o!i 'Willi iillipf annriif ^analkan ti*.»nhl!iroi nrr-Mii.iU'il in 

iifii¥#n*sf|| sr'sr lii iho «oirly aipl mofii lik«*ly gavr rr;r f.i fl.r, 

t|iiiuil iirarriiaa nj il*niiraimi.| rsipii an4 ||s#h!pi‘i* *»f poki, iFsifvr!', aipi rrfurtto 
tllflfSi pf |irrr|o*ii ilrmr**. 

An fhr goiirtl nr ralalifi.’^ii iioi niilv flu’* tirsf ironrl usr-si |o rM|Irr| 

mill rriip;r>y %Vafrr, Iml ttiir appari’mly hv fh,, (hr'=:|f.o| lor fhr-io 

jiiirpirtoi, ft figiirr of ii I# hrro gjvrm 
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Ancient Vases, 


This interesting* production of nature is enti 
ticular notice, because, it is, in all probability, 1 
model of the earliest artificial vessels of caj 
pattern from which they were formed. It is 
to glance at the figure without recognizing its i 
semblance to our jugs, flasks, jars, demijohns 
deed when man first began to make vessels c 
had no other pattern to guide him in their for 
this, one with which he had been so long famil: 
No. 1. figure of which experience had taught him w 
adapted to his wants. Independent of other advantages of th 
is the best to impart strength to fragile materials. 

That the long necked vases of the ancients were modeled 
obvious. Many of them differ nothing from it in form, except 
dition of a handle and base. The oldest vessels figured in th 
Description op Egypt, by the Savans of France, and in Mr. *V 
late work on the ancient Egyptians, are fac-similes of it. The sai 
applies to those of the Hindoos and Chinese. 



The first three on the left are of earthenware from The 
Wilkinson’s second yolume, p. 345, 354. Golden ewers” of 
form were used by the rich Egyptians for containing water, to 
hands and feet of their guests, (page 202.) The next is Etrus 
the “ History of the ancient people of Italy.” Florence 1832. 
The adjoining one is a Chinese vase, from “ Designs of Chine 
ings, Furniture,” &c. Lon. 1757. Tlxe last is from Egypt. Simi 
vessels of the Greeks, Romans, and other people might easil; 
duced. See Salt’s Voyage to Abyssinia, page 408, and GranA 
tion^ E. M. Vol. 2. Plates I, I, and F, F. In the Hamilton Co 
Vases, examples may be found. In the splendid volume oi 
D’Agincourt’s Storia Dell’ Arte, the figure of the gourd may 
have prevailed in artificial vessels in the fourth, fifth, and 
twelfth centuries. 

Numerous vessels from the tombs of the Incas, are identical 
with the calabash; while others, retaining its general feature 
bellied part worked into resemblances of the human face. A 
old Peruvian bottles exhibit a peculiar and useful feature, we hav 
(figure 3,) a representation of one, in the possession of J. R. Chib 
of this city. An opening is formed in the inner side of the han 
communicates with the interior of the vessel, by a smaller ( 
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NihtL l*wn lan 


out ox|H*rioiu'siij^ ihiit tTUfitlilig 

whli‘h in'i'enupuino'* tho niipi \ •»!* n iimiltirii 

luUilo. l*ho opf’iiiiig*i ur** jiH lo 

ioriit a %-«*r V I’l// u'/i iA'/Zr— I • v I »!» ^.v im* ui?4 > ! fir' 

iiHHith <it* tlio a ri pr*»iiii«‘ril, 

injual to that ihmi u !m imII rm 
htHinl It iiiiiu ot’ uur. 

V«‘'n'lr|74 liuvo Itr*fa‘t‘ii 1»\' 11111*11 

fruvoli*r?i inSiniih Afiionra. 11iov arr r.Hijp*- 

filliO-H ItilllHi doul4f**-»'^tW«* |4i‘»||g f-t04S|f‘i.'fr4 III 

tho hotfofU with tuiiv Olio 


Sonio an* ofHih'or. Fft’:ia\ amoio»- oiIou'm, a ol oiro 

TWO g*an*<i *5 tUUloil, If. *' ro|rii‘»t'i uT two botfl**^ jouirj r* lirr* r.i^ fi 
fCix iiirlioi Iniltu liaviio.t a liolo roTfjiiiUliU’iifiMii i|i flu- t l«r 

of thoju U o|«*M, JiMtl flii» otlior ImH Oil iTh orifir*-* u hfllo IIhihoiI,. Iiko ;:t 10**11 ■ 

k«*v, oatiuif i'l «*oti r4* soino .^orf j ntalor wluoh in a liolo wlorli ■! *,% lo*)! ■ 

lirui wiioii wiitiO" in |»oufo«! tnu ot tlio luoudi ot flu*' oilirr l«!!fli% ttr li««ri 
that wifinii i'i hnf lilinkioi; tfit- air hnii;*' pt‘*‘n>ird aUiU:* 'nnrhir.u* 

<,if htifll 14 torooil «*uf Ilf lliiif lifH** Ui .1 \iol«*f}| * 

'fhi'HO w|ii’4tlo:i iiro no roUMfrurt*al, aa t»» |*lav oifhrr tho mr 

tirami in f!ironi*:h ji*rvvii tmf. Pto'lMp’i flo* u ;0*-.r Mro-ui’i o| 1I1.0 

iirH'ionfH* wi*rr ari*finaii}/ Ufflr lOMrt- ihiomo a’ruoiiMi : 0 '' o! ■vr'ra'h. 

4/. /AmVr !linu*^hr flo* •sortlk'-if *4 u*-!-*- d*-'} r * 


to proiltiro intoiii- ; if ’io, flow ar*” *’ *4n|*|H.'3ri fhii i.-iv w '.ino" oii!ru 

IllfUif'l 

I'lio iar*|o t*iirflo‘U %"oniol*i iiio»| hy fho i-arne'r^ »<f 

ly tla* i^oiir»|. SafUfil-av Mai*'. ii*4, % t, I **'■». 

list** ** |,.oirif u!t*f t'df fia- |*rr«iia'in, riui»loi«, i-soil lv,yvj*f «'| jirr!4i-*iif 
iiav, iifo $'aili»n‘ lario'r, l»uf > 4 ' fiso m ilw l*‘iorr!ooi 1 . 

of fill* |,|onr«l. l*lioy aro iorino4 **Mf a |a»roa?i loirili, siisfl arn «« rsilli’fl, 
frofti I'ttiural ifoi4o wIjou w.^fi*r ii |ioor»nl ant ol fitosii bo iirut*k, a«* 


• A V«v'ni?«’ til il»a f^umh Hm, ui ITt!*k *J4, 'M. fon 1717 *.f7i 

^ 'Till* ftilfiowjiis Pllriirl foufi n Hit* alloola asliluitoial |ri|ii7**I 

iiig flirsM \09m4n m fifiiial*? ii„|fw»3 

F#r#rwi| l^wjiwil «.AVif* rrontlH'- ■.% ilirta* |s|U»*fi i>f ali Jii^r .'.ffSil 

rity, Ity lilt r4flli»|U.s7k*^ aioli-b-li »o*!o 

iliwa.ivi*fr»| iiHiii* Jim |iisi't of l#Marinr%’, oi *ri'aus3l*n lijr, » •^»4sl »!! IVta M‘l#« m 

niiiiil of li f-i|i|tr 4*4 iM ln%** ,«» y*-i |i«***n f**i‘r.?vi«v,| sn il|« I 

|»y<‘li|4, liar of' Xfitiltlt'kr.f, n |rl%- frlnfipnl It*® |4i««» ®p 

ftw^ 4 i!|» sunl tt'lio, il*|f iW a|o*| iljie t.f 

urn? r%rit%Mlm^ lilt* |*|.|rir!'4 alfrrf# m%4 *4slA?t4r,i| fr-Si. 3 **t 

|f.ii ilisnrisi iaU l||lk||M%%|| ‘Tlio irtOH** »u' ihli Mf 

%%-lijrli x%ri iliil ii«! 1*10 mriiliii.n 4* llir l^'^ifilttir^r! fpm# wr jr4 

fiiir |or«i*’r m%4 at** of s* %%l4rli niai i I /? r li^ 

ff**iil iiiilit|iwy m%mm rim In llir nn4 on^iii u( ilin |^<io|4r^ la i-.r . i I 

TlirV 41*1 1‘s^ii f fti|r*|l|»f|y »llsi|»*ol fiattlif-n %r«-arl»^ o 

riiiistfilriril, of’ s| «|nirir!» of rlav* rolrirosi or bufOS firnflf l^lurk t lor 'f '‘ar^r,, 
ia ri||ii.||»|«? Ilf |p-*l4ui^ S |Oj|f, *.# sl4;i|»rr|i| is oJi % Ui*t 

Illf4p« Iftllf , riajlig lllilll llir 4*«5||l|«t of l|»« ff«lll lalsi* -% lisOrl'r rs»cs|1» fo 

llir lOitr, 

*ril« Wllirl |» n *|*n*l4« rr*ni|r?r|r4 iil r-nilni, mvl 4l»«* al lor S pp lo -i 

r^oirfillt^ ffniil ilir *|wi|! «i| mf am %»s»s»»| Iw llip lt|.i|*r| iiAll »(| Win «0|irf |l,r, Jjil 

Iff lit*! |irff«till*o| liill lilt* |||i»iiirs,s of .vi irf% iisiiifrii.^sir sia lltl 

fiwii rtniiilniiiitri* At llittt Inrk of wli.iU i|i«i ti| iH » i« r, n t 

fciiiall littl-r, Ml ri>i»ljfri'i?4 iliflii »4i tuUi tlm manih ♦•4 lli« %rM»| n »l*ioll nwir w 

liriitiitmf iifiiiisr i« ilial «!' a Iir*ai8%%rtiii'a rail TnHii »i*i a«'loiii| woii iIk 

yiiiiofis mnm |'*nris#?t|iii| wiitiii |Uy Ml thn iilarei, a tmf !»« h»m 4 Slit? 

km wil ii« m^im will ^rm^} »tU In IM bitliifi' #| rniiiiit«iii " 
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Tnmiiive Boilers. 


[Book I. 


the Indians do without touching it with their lips.’’* The bottles of the 
Negroes of Africa, are made of woven grass of the same shape. Earth- 
en gfirgulets for cooling liquids are made in this city. j r • 

The gourd was not merely imitated by primitive potters and braziers, 
but when the arts were at their zenith, its figure predominated in the most 
elaborate of vases. The preceding remarks show, that the ol many 

of our ordinary vessels of capacity, did not originate in caprice or by 
^ chance, but are derived from nature ; that the pattern which man has co- 
pied, was furnished him by his Maker; and that with all bis ingenuity, 
he has never been able to supersede it. Persius in his third Satire, al- 
ludes to the transition from primitive ^earthenware and brazen vessels to 
tliose which luxury had introduced in his days : 

Now gold hath banished Numa^s simple vase, 

And the plain brass of Saturn's frugal days. — 

Now do we see to precious goblets turn, 

The Tuscan pitcher, and the vestal urn. Dnmmond, 105. 

VESSELS FOR HEATING WATER. 

Although not strictly connected with the subject, we may observe 
that the gourd is probably the original vessel for heating water , cooking. 
In these and other applications, the neck is sometimes used as a 
handle, and ah opening made into the body by removing a portion of it, 
(see illustration No. 4,) its exterior being kept moistened by water while 
on the fire, as still practised by some people, while others apply a coating 
of clay to protect it from the effects of flame. 

In some parts where the calabash or gourd is not cultivated, cocoa shells 
are used in the same manner. Kotzebue found the Radack Islanders 
thus heating liquids. On my return, I fell in with a company sitting 
round a fire and boiling something in cocoa shells.”*^ A primitive Sii- 
matran vessel for boiling rice is the bamboo, which is still used — by the 
time the rice is dressed, the vessel is nearly destroyed by the fire.® When 
in process of time, vessels for heating water were formed wholly of clay, 
they were fashioned after the gourd. Figures of ancient saucepans both 
of metal and fictile ware, greatly resemble it, and so do some of those of 
modern times. The common earthenware pipkin is an example. 

This useful implement has come down from very remote ages, and 
apparently with slight alteration in its figure. (See figure in No. 4.) In 
some parts of EuropCjits form approaches still nearer to that of the gourd. 

It is used over all the eastern 
world. Dampier observed in 
Tonquin, “ women sitting in the 
streets with a pipkin, over a small 
fire, full of chau,” or tea, which 
they thus prepared and sold,** 
Fosbroke enumerating the house- 
hold utensils represented in 
Egyptian sculptures, remarks, 
“we meet too with vessels of 
No. 4. Gourd, Cauldron, and Pipkin. precise form of modern sauce- 

pans.”® An interesting circum- 
stance is recorded in Roman history in connection with one of these 
vessels. Marcus Curius Eentatus, who was three times Consul, was as 

» Fryer’s India and Persia, p. 47. 

> V oyage Diseov. ii, 109, and iii, 152, and Fryer’s India, 7. 

Marsden^s Sumatra, 60. Dampier»s Voyage. Lon. 1705. ii, 31 • For. Topog. 83. 
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r(‘niarkah!i^ for lii.;-t frutrality nn hU piifr-«>f-.!n. I hir.r. 
swavtai tho t^!’ hir^ r8Mnifr\, tli** . >i 

silt'd him at his tainapts ata! fiJUisd lain ir -ri s,hi»' 

pttf t)r pipkin; thay aumnptfil ft* L'.iu Wifh i* 

t’hara.t'lorisl 5 rally rapliiai, ** I prt*fi*r iiiv r^irtUrii pMi-s t.i 
(if sfoltl anti ot' sdvi‘f*.” 'l\» this J ttvaii-u liilndi** 
frm^iditv t»i‘ iunnnr dmoa wifli fh** lii\nry »•!' lo’t * 

Wh«‘U u itii ibt'' h*' jaithrf»‘»l 1 * 5 1-** i 

,\iai ht'i tb*’* . 

*rhut 'tuu|*lr lia*”!'!, un «il4 itr-.o., 

hj|;lnva) i:s!H«irr ?i*H% ttinthl i»< rsji it 

'Fiio ctannuni oust, irua itrU-u-^i k»‘f!hj itr i * ii 
prtnh* td fht* ti»rin ;5 td" onim.try li.u yj,^- ).iiid*'r 

<'iia.ng't% wliila pU't^iug thri*U;,*h ‘.m m uu aai'H ; ya 'duijtr 
sajno ioi lliHt td’ llio Hitt la ty iair, M nlf»i;arrd on ih*^ 8-=h»n;:> 
(Soi' its hgiiro in Nt». -I, iui 4 I ha Shaw ‘a 'riauna, Im.., 
with oa.r?f uiitl foot, «ro doliiioairii in t!-io 'th$t:r.%u r^rnlpiurr- 
of llamosos lint ddnrti* if* a ofi^duo roprr^Hmf.ijmn »•!' >iu I-! 
shtwing iliff jmivvHHvn <♦!' filaying tho muinab:- 
paring ingrothonfs lt»r soiiHunutg--- ft.-.r n.,.- o 

making anti h.tkiiig hroad, o. iko. ‘Th** t-vno: «>:!?> ; 

.similar in rdiapt! to uur.’i. \V ilknr:. *?/•, .An I! . .1, 

is rt*as<»n to hrhou* ihaf hoah-r-i mI' f].;', ! r,,.*-:-.- . s 

tifUjs td* tho iinoioiif \v»irld ; fimi fiio ' p •tt.i, .• ' "i>\ -.vo- % J 
K'l.iu td' his l«iiihrn;hf ; and f ia- * *341. M-.a '„ | 
I’or I?iaai*» worn pi'fp-,ur -4 m td*nn. i'j, tnr-;,-, J..', 

<d liin ntt'ifril'i gooiii niuMko, n-j sa' ■%_ p .t, » -v 

Anti Cli’dni id :o, uhon .ho 's od lo jo-’s -nn % ,1-4 nh*^ 

Mndht" p‘ata;;o lur tla* ’MUji *4 |n 4 »ph»- 1". A K , 

inontitnioii hv IlMiuor, lu v^iovso ;? <■ : 

\il«| rstJHil f|»r fliiltira sU ^ 

ihJ I , 

Such Worn ilio l>od«m tsf Argos, ffrsp* ■»% i-v.t n t 

tiHik iftfifi it'iiUi ArgM-; n-for- h i ' . 

td' tlio S|iarfairt, m whirh thoy |oop.ood m..---, 
ligiiro «d a iConiiin raulrbsnn in o. Irk. n L . .. 

tlio ran-rifiro, ih pj\on Us Afro),*n, ui ?i.»' -i-.] -.I' 1 

It Iii4i ii foul, thrm nlnJs or tori* un/l ,.*5 ,4 A -^-nh- 
tair»n imt oni.tiinnilod %vi!ii ftgnros ;.h •r.d-^ 

I hi* Jtaiiio ’j|i 4 p*'d hsijnn'fj %Vi*f'o oionm.^'j o.-j-so-n *^h*' ^l.^vh‘5 
tiorriotf I lio kill r\% Ird Or' ».!' inaLmn ih*-ni s’-.i-si gOn pi-rtv - 
of tiumm* rnhiiary 

^ar. lIosL ww, rc'l W4-i n% rt lArh -h!vs;4rd tor 

Crlllhori wro 'i.r.d I.* h.o»*" i«-rn\- u.-r '■ ! 

Iiio-a, iiiirioni iron |u,t/* h^i 4 o,u ■, ■.t.u l '4,, t An 

lilt* Eg||'i{j4!rn f"‘^oo ii-i li.-;nro oi ' . 0 ^ -;1; tp..*-! ‘ |, n;h 

rfiiihlrofis Ilf ilio Clnio'-o- 41-0 .d.** r ^.iin|,:r3, Ti.rd... \ 
imd IS 'niionnir, fli**2r '-3 h.itr th®’ -.o t " ' ■ . 

i t iu ko*i, V» if.|i pMrfn».1i'5 Iff ^4100 imO-lk kv r." *; * ■ ■ 

itiiiidi inrii400.« I'ln-y aro fho |o;n»s|rii uoh :*- .o" . -. . 

* Flitliirrln « 4 |'a llirfi 
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Cauldrons, 


inffs of tlie poor. The kettles of the Chinese says Mr. Bell, (w 
one day in a cook’s house near Pekin,) are indeed very tlim,^ 
of cast iron, being* extremely smooth both within and witliout. 
scarce and they used bellows to heat them.^ Ihese we lavc lu 
suppose have undergone any change from the remotest times, 
arc in all probability of the same form as the celebrated cauiilr 
tiquity. -That those of the Scythians, the ancient Tartm*s and 
were similar to those of the Greeks, is asserted by lierotloi 
Scythia is barren of wood, they have the following contrivance 
the flesh of the victim: having flayed the animal, they strip 
from the bones; and if they have them at hand, they throw it i) 
2)ols made in Scythia, and resembling the lesbian cauldeop 
somewhat larger.” Herod, iv, 61. . i j i 

The boilers of the ancient Mexicans and Peruvians, liad Iht? 
neral form. See plate 31 of Frezier’s Yoyage to the South 
’13, ’14. As these people had not the use of iron, their vessel 
earthenware, copper and its alloys, silver, and even of gold. Jn i 
pie at Cusco, “were boyling pots and other vessels of gold.” 
mous cauldrons were carried by tlie conquerors to Spain, “ <^ac! 
wherein to boyle a cow.” (Purchas' Pilgrimage, lOGl, and 10' 
negroes of Africa, made theirs of the same shape. (Generale 
tom. V, Planche 88.) Large cauldrons were common of old ; 
frequently mentioned b}^ Homer, Herodotus, &:c. and in the Bib] 
met, in the 34th chapter of the Koran, speaks ol‘ largci caul 
longing to David. Some of those represented at Thebes, a] 
ficiently capacious to contain the cooks that attend them. One, 
togedier a tortoise and a lamb in a large brasen cauldron, \vh 
cover of the same metal ; hence the reply of the Delphic orac 
demand of his ambassadors to be informed what Croesus was i 
iiient doing : 

E’en now the odors to my sense tlint rise 

A tortoise boiling with a lamb supplias, 

Where brass below, ?md brass above it lies. Hsrt>d* 

The question naturally arises — why such uniformity in t}m fi| 
utensil % and what has induced people in distant times and c< 
make it resemble a portion of a hollow stdiere or spheroid, i 
forming it with plane sides and bottom 1 It is clear th<‘re was 
trolling reason for this — else why should tlio fanciful Gnu^k a 
artists, have permitted it to retain its primitive form, while all m 
hold implements, as lamps, vases, drinking ve.s8els, and tripods, 
moulded by them into endless shapes. Brasen caiildron.s wt! k 
highly prized. They were sometimes polished, and their Hide^ 
namented, but still their general form was the same* as thoae oj 
cient people. In this respect, both Greeks and Itomans left tin 
found them. The reason is obvious. When a liquid m heart 
lindrical or other vessel having per|)endicular sides, it easily * i 
but when the sides incline inwarm at the top, as in theses eai 
cannot well be thrown out by ebullition alone ; for the lieated wa 


tunity of seeing a tinker execute what I believe is unknown in Kuropts. 
and soldered frying'-pans of cast iron, that were cracked and full of holes* 
them to their primitive state, so that they became as servictmble as cvt5r. I 
go little pains to effect this, and succeeded so Bpeedily, as to excite my ait 
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ttiWartl?! £h«* ulirr*' fhnr hn'>'i- , * 

»‘rrai, hr<*\V»‘r;i< tiiHUlIrrs, <?Wr. U'^' «%%• .u <- » -! !.u!, 

iMifS ha.tl thi*n't*n'«‘ »'*l lti»' irsjlifirl;:. j, ■.?: t"; 1:1 

«l a :ui»i 1„» i-. v**, 

;,nl l»V tht* |Hwiuil*4 ti'ir til Il4f.5ir/ll a-v r.’- .; 

lucaii prt.H^t’ itf difir :4ai;jir’fV. an»! <■»! llif . t 

iiii^ a.ii4 l’*rMio ilw .ujf r’:,' 

lift iinpnilsablf that fla-ir I'friit -U4iil4r p f %■ 

in liiin?a‘li' iHrd, auti \vln»*li hrs ^ 

art' luuijtl in fla* \vttrk*'i!i«'|t« ft ^ nW^ui, >»•» 

]4'iiit’t4nrr*n Sfuria IkdrArir, Pruif, l*-*'*«, |lt-4n--;:s r.v^^.l 

f»rijf‘ r<in.ni< li .'raitablf |irtr*=if iiii ti4r kituSH- ■ i *•■!! 

flit’ gitlMfi, Ar. t tf fhi' giltfi i.iTiird l*V f 

rach t»r At'hillf ■•*, Uf^'f— 

Hi'viai frjiHutb, m-'kfr (ne-f In' utn , 

i.H' gttitf, irii fW tammit hftgm 

►iig grHHl!4 whifh l*ri:-un i*>Mk In riHlfinii ili«i »4 


lit' liifik f»ai tfiilj tA 

All U’-tnuhrtl ; fntt fj|*l*ai‘!i4 U;,|-**»i» , i m -j h-m , 
AikI lilb’r 4 t'ti|» i»f !a4!«iil«'35 iiii V't| 

tlif funrr.ii t'-MiWi M!i fh»- f.r-'f'; ,4 1*4:. •.*<.■,.■ 


' i ’iiititrustni I i r'3i-»‘»3, fi sim-ls ^flJ,^1!! 

.fV, tllf'V U «*l'n t'Mir.alfrr- i p;; rsaraiti I- ■. !*.'■«■•,'•;■ 

fh lit* tMIlif, nuA n .1*5 Jf # U'.": 

iiflli, lialf a p;fTf ff r^-uk-l t 43,4 1*4- Ur,;** 

s.'rn'un'r44 ‘Viaw *4. 

ni'Vt" Vf»tur|-: U* 5''*4 ■.% !?. '»>a, ^ 4 . 

f flif in.|n4nii?v ft ff %i ns 43''**^ .,| ^ 

f.'iir% li-'ivn fMiif nliuffsl in‘‘ 3 r f. ?l f 3 f"ai -■ r.'.r 

f lull *if Ilian, llnils 111 ! rhf f ■' ' ■•■?, ^■ 

Iia4 flinr nlnib-rri an4 h. V 

I wiili rtrtily Iv4*, *' 1 *.. **.■!, 4'.. 

atiti atiflinr^ ; 1*4* w* f|.n.-; ?■ .i.a'i 4-, • 

*Mr4 iiini af#* fijf napJ-'-'-.. 5i,* , 
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Water Vots, 


one, the shape of which, closely rese 
gourd with the neck removed. This 
neral form throughout the east. The 
have them of copper or brass, as well i 
enware, but they are all shaped alike 
not a little singular, because a deviat 
globular to a cylindrical form, would e 
mechanics to make t/iose of metal at 
expense. They therefore adhere t 
mitive model, because of its superii 
others, or from that adhesion to anciei 
which forms so prominent a feature 
character. In the early ages it was tl 
5 . sal custom for young women to dn 

The daughters of princes and chief i 
not exempt from it. Isis and Osiris are sometimes represented 
ter vessels on their heads. There are several interesting exam] 
Old Testament. Homer, as might be expected, frequently intr 
males thus occupied. When Nestor entertained Telemachus, 1: 

The handmaids for the feast prepare, 

The seats to range, the fragrant wood to bring, 

And limpid waters from the living spring. Odys, iii, 544. Po 

And again at Ithaca ; 

With duteous haste a bevy fair, 

Of twenty virgins to the spring repair : 

* * H: >k * * 

Soon from the fount, with each a brimming urn, 

(Eumaeus in their train) the maids return. Ib. xx, 193 and 202 

Fountains and wells became the ordinary places of assembly 
people — especially, ‘'at the time of the evening, the time that ^ 
out to draw water.” G-en. xxiv, 11. Several of the Patriarcli 
held their future wives on these occasions ; and' were doubtless 
captivated by their industry and benevolent dispositions in rel: 
wants of strangers and travelers, as by their personal charms. 

* Beside a chrystal spring — 

that Ulysses met the daugliter of Antiphates. Travelers have 
ticed the singular tact with which Asiatic women balance severs 
water pots on their heads without once touching them with tli 
“ The finest dames of the Gentoos disdained not to carry wate 
heads, with sometimes two or earthen pots over one another^ \ 
hold service ; the like do all the women of the Gentiles.” Fry< 
117. At one of their religious festivals, Hindoo women, “ have 
of dancing with several pots of water on their heads, placed o 
another.” Sonnerat, i, 150. 

A very pleasing instance of female dexterity in carrying wati 
corded by Herodotus, v, 12. As Darius, king of Persia, was sit 
licly in one of the streets of Sardis, he observed a young woma] 
elegance and beauty, bearing a vessel on her head, leading a h 
bridle fastened round her arm, and at the same time sj)inning son 
Darius viewed her as she passed, with attentive curiosity, obser 
her employments were not those of a Persian, Lydian, nor inde€ 
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am! tlH‘n fillml pili’htT .* havinix titua* dii.s, nlurntHl hy ?lu* way 
slut u'itii lilt* |nft*laT tif v^aifia* <»u lit*r laniti, tlu* by a 

br‘ulit‘' fo ia'i* arm, am! us miipltivtal ia s|iiii!uui*-. 

halusCnuus la, bur w an oriiaauaif ta r% vvy yntun^ wtajiau— nubani lan- 
titer thf ss imnftry <*l* her per’^.nu, UMi-the veja»r of her nhiai, can f»e per- 
teetiy tlevelupeb witluuit it. The ftue htriim uml ‘‘'lewine, health ttf flie 
wenaat ef t*hi, were eliietly eWiu^ te then’ teiiipteaife aiM<ie.-i i»|’ Inina, 
their iinlu.striim^i habita, ajal the e\erej -.e they f‘‘ek iu the e»pe!t air. 

A eiri'tuu-a.uii*e reeeialeii m the hi'a«»ry et'fhe Ivav ptia!i:% 
aeeeufif . 1 1» ‘r the peeuliur term e| <i!,ie el fluar t.aversfe i, e,a 
sei-;, tilt- Chnifyei.t; thi* iiuite?ie«l titbit’*' »h' wlneh, i-i !,iken 
treju the * Hs-.ierv el* f he uttehail petiple ef Italy / plafe *iV. 
It, waa iiiUiieii after tuie ef their ileitie.^i, whe Iteeaiiie lii'-' 
liHUis tui .leeetiut uf' u vieterv %%'tiieli he t»briii|}e»l e%-t?r 
the (.’liuhleai.t ileily, I’hnt: j-'™"t!ie story nf wlueli 
IH» filiiidl «le|.;ree t»f ui^iuuilty iit a |a‘ieHl.» aiul if alftirili* ii 
fair Mteritneit i>f the iiuraeles !>y whieh peepl*’- v;tn’e tie- 
lutleif ill reint»fe time’^, ’Fhe f ’imldeiiiei Iwmstinl, as they 
justly ithphr, i*f the nuliimtefi ptnver el‘ tlieif .iiiirl 

Nn, A Cmupm, th«*y eUrriei! him ubetit fe enmba! %\ ith iif oilier 

|>reviiire-i, all W lueh he e.ealy M^fU'eaUse hip! t|efifr*'iVt‘*»l» 
for netie td' tluhr inre.y*'^ urr«* able te n-a a rlu' three ut/A'/r- / — Af hueeth 
a hlireWii prie-it eft hueipui, <ie'ieirii fhrs aitUa'e au» I aliullen: 'r» I the t *hal 
deans le a trial. lie t-iMk .m i-arfiavu jar, in the bufftnii and -udea nl 
whiid'l lit'' drilled a y;frnf nmnl»er ef aneili he|e-i ; ■■ theue he up W :!|| 

\va\, and then tilled flu* jar uaii watt-r : he ?a’rnrrd the lie.uf mI an 'e,id 
inrae'e upen and ha^itry pamfed and liullitae-ntly deipue«"d il, bneiyi’l 
if ferfh in tfie lUid I *,,iie<p‘ii ‘ In fin* e«uithet with llie i 'Iraide.in Ih'siy 
llie wax was rMHh stielfed bv fh»' when the Witter I’leihi’d Mill t4* 

holes, and pidekiv eat unvattshed tin* fl.ime-'i, I loV. Ht"*!, i, yilli. In Itie- 
naary ef fids Vie?.Mry, %e*ejek ia’aeinbhne the tieure *4’ the e«*d Used i»n 
this eeraniMij b*nMllie eMinmidn, |lr. y^haW pHea thr- fiejua’ m| »inr win* ,f| 
lie hrMoylif, with Iniit Ireju Kyypt. Trar. T-,x», See M«.fu!lhin-*ai* f^an. o, 
liv. I, nip. 1**^. A itf Mfie threw iiijj Miit water h'eiii iii.uji«-rei|-» le..ilei 

on evto’V side n Jsho |,n%‘eti. rein, u, hv. no 

A .rtiiinewhaf sninlar ease 44" ftOpersi^tiMii in the* naddle aee-n n •pearnl 
by Havie frefii Hireiiiiri; beuut a fr; d «-4’ the i irfue in tie* b‘oe"?*Mf H% m 
aaiiifi ; «»r rather n ia*nie?ii *4 leae’^dv nkdi. *Sf, J/iufiuhi relim bioin* 
nirried eter all Fraiire raioe l*» Anxerr**, and ■w.rae de|i**rufed in tlm 

eliiifi’li ii( St iJrrmiiUi, wdiefe th**y seveial iMiiatles. *th»' 

pne*iin of the taller rioendeftfd liuii aa i^reat *i nmut iw i|te iMimer ; ih*‘>\ 
llierefere ileiiiraided halted the ireinpfs, *' whieli Were « eirade! aide /' 

bijf l\farfii/s prie'sl’i taiiilmaltnl fliaf. 4f waaa ln« reli«a*» lliaf. prilM»:/a»l 
the iiiO'iieles, atid llirjelMre tiH the bi4**|iifed to llieia. pt . ei 

lld'4. fiiey |*rM|ened ihal a ^iiek iw^rs^rOi alemld he |ni|. betwern the siun.r’s 
of fie* sainfei, In iiSf*ef!ain wdii*'h prrlMrffied r'ore, d'hey fl ei «* |« ■’i 
laid a, itprr befwren tile! he wa«i lieahal mi-i il^a! -adj he h Wei 

lie%f |4,» Sf, !\|i,irtil/a liMtirS, and S*mI JW the* «4her ! the ‘ueh in, an f In n i. e •* 
naturally Inrfied hia Mther mde, niiil Wna mafanflv heahal mo * 

fhirditial llarrifiitii m eMinueoiliiiy' mu thia renuif, s**j-jnmdy a* fhai 

Hf, f lerililllll Waii lia i.^rrat 4 Sioiil ii.S St. Marfiin but that as ihe I iffm had 
dt»fie idlli H PiXif, he »iiiape|id«’'d the inlhielire he litwl 'Wafli 




24 


Wells, 


I >; 
^ If 


extent. Ecclesiastics peddled the country, like itinerant juj 
sacks of bones and other relics from the charnel house— the 
virtues of which, they sold to the deluded multitude as m the abc 


CHAPTER IV. 

On WELLfr-Water one of the first objects of ancient husbandmen— Lot— Wells befc 
Digging them through rock subsequent to the use of metals— Art of digging them carri 
fection by the Asiatics— Modern methods of making them in loose soils derived from t 
often the nuclei of cities— Private wells common of old— Public wells infested by Band 
merous in Greece— Introduced there by Danaus— Facts connected with them in the mj 
Persian ambassadors to Athens and Lacedemon thrown into wells— Pheniciau, Carthagoi 
weHs extant— Cmsar and Pompey’s knowledge of making wells enabled them to co 
Pompeii discovered by digging a well— Wells in China, Persia, Palestine, India, and Ti 
of Solomon— Sufferings of travelers from thirst— Affecting account from Leo Africanui 
Abyssinia — Dr. Ilyers in Gombroon— Hindoos praying for water— Caravan of 2000 pe 
camels perished in the African desert— Crusaders. 

As the human family multiplied, its members necessarily ke 
ing themselves more and more from their first abode ; and ir 
for suitable locations the prospect of obtaining water would nec< 
ert a controlling influence in their decisions. An example of t] 
times, is given by Moses in the case of Abraham and Lot. 
was too much crowded by their families and flocks, “ so that 
not dwell together,’* and when they had concluded to sep 
selected the plain of Jordan, because it was well watered eve 
Gen. xiii, 10. In the figurative language of the East, “Lot li 
eyes and beheld all the plain of Jordan in plain English, he 
carefully examined it. When thus extending themselves, th 
habitants of the world, would frequently meet with locations 
adapted to their wants with the single exception of water ; circ 
which ^necessarily must have excited their ingenuity in devis 
to obtain it. 

At what period of mans’ history he first had recourse to 
have no account; nor of the circumstances which led him toy?< 
earth, in search of water. W ells, we have no doubt, are of ai 
origin, and the knowledge of them, like that of the primitiv 
been preserved by uninterrupted use from the period of tbei 
covery. At first, they were probably nothing more than shallo 
dug in moist places ; and their depth occasionally increased, ii 
contain the swface water that might drain into them within ce: 
vals of time ; a mode of obtaining it still practised among barb 
pie. The wells of Latakoo, described by Mr. Campbell, in bis 
in South Africa,” were of this description. They were but 
deep and were emptied every morning. The people of New 
the most wretched and ignorant of our species, had similar e: 
at which Dampier, when on the coast in 1688, obtained a supp 
ships. He says, “we filled our barrels with water at wells whicl 
dug by the natives.” Burney’s Voy. iv, 260. "Wells are also 

4.1^^ T7 1 1 _ __ _1 _ Tr> _ 
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cl for wa,fi‘r. Koty.uluie’s Vov. u» 2S, tlU, niul iii, 14«^ 2‘J‘i. Tin* IVi'hIi 
water winch CoiurnhuM iuuiai iti the hut,s tu ilie linli.iiui uf 

Cttha, wan pn4ia.i.»ly ehtaiutal IVoiu .Hunilar 'WrllH ; hut wliirli Span* 
ianb, who ihtual none Imt, .salt water, \\ere linuhh.^ clijusfvrr, |V/'.vo/iu/ 
NiU\ of (Joium. h?. /.luA'/o/i, I {>27. 

Thest* t*\c‘:ivatu>nH wtuihl iiattiraliy !>e uiul!i|ilirsi niui ihrir 

dhneusiuuH enlart;'e<l as far u.s the lluufed lueatts i»r laaii, iii flio isii'ly 
would p«'rmit, and liLn siu'reaNUig wants ret|uire. Huf wlseu the rry 

of tlu^ luetuls totik place, pu the seveitlh giunu'atioii tVoiu the- fir-.f |>*ar» m- ■ 
cajrdiiig to both Misses and Siuichunlathon,) the tir-pik of well-^ would ii.» 
longer l)e iirreHteil by nu-ks, nor their coaisiriictiiai hinited in Im uflteri 
where tlit‘se did not occur. From very ancieni w‘-ells wlncfi still I'eficoiu 
if, in certain, that at u lime long antcTiiu* fo the comineiiceitiriil *4’ hriffU'y, 
tlui kmiwiedge of procuring wiitiu* by means of tliein, wa-i well midrr- 
stcHnI, perhaps, et|ua!ly m as at pre’-amt, On tins snp|»ofiiiion we 

rtH’.oncile tim seiectitut of i-ocatums for them i'*jmpo>ril whiillij o/' 

Stuiut of the ohli\‘il. wells known are dug tuiiirely ihrongh tliai inalefiul, 
and ti» a priullgunw depth. 

Maids ingenuity was, perhaps, first e-\ercnaal in proctiriiig wafer; 
and it b not improlailde, that the art »»f eoirifrucfin,-, wells wu-'i inure 
rapidly carried fo perfeethm than any other, 'I'lo' pliv.ie.il eleer.ifirr of 
central Asia, its climate, univec-nd ilefieii*ncy of w.Urr, U’;- 'o/.iisncj -f-tf ii* 
haiutaats, and their pa-Uoral, and u-To-nltnr.d pur-onf--.. umuLI i:r. ?• v',..!.i :!y 
C’onfribute to thisresulf. 'Fhe Abbe f'leury, oi lus *' ,\f u.oi-i") » !' !-!;»■■ An 
cient. birae!ite-i/‘ jic-f I V ob'-er\ es, '* flaur numeious herds lU c et i;, • i 
rdy iniluci'd them to a Verv ie...:U l. .due lUi fhe.rwi-lbs ;e.d er.Uo, Hfe ; ,jU-i 
more e"'^pei!i.dly as they eus-upied a e.»uutrv wl;»*re fieU'e w iei !,5 m ::;iei bul 
Jordan, and where ram seldom i*-:]/* i heap. n». In no oltn'-r piOt ol five 
World, even in iiio»ierii lune-u has more s»-,rnee t■•een iwmced, or m«''rhafie' 
cal rikil! tfsplayed m peneiaatun-t tlao-aith, than as ♦w.Inb.tfed m -nuof" • sf 
ancient welli of the east ; ati^l if is to thru- auihofn, ihai wr, lU'e oide-bO’d 
f >r the uldv known method *4 nmkajm We|!-:i mI great tii-pfh, 
fioils iUni «|tnck‘jand-u vi.n ; by linsi CMiistrticimg a ensb, f<‘f' 

^4:.) which 'if'iile'i aa llio iM^cavahtm rn deepened, and ilaurly i, tjsei 
pressure ol the surrouiitlmg fiod. 

Wells are Iiirailioiird by Mo ;r4, as m lor aiU’C; - ?b«- v: - . at 

ilfmiiaiiilci ; some of wlinii af that remote ace -.eijorned s-sds, i’';:, clo' hr- ■ 
flfdit of travelers and the pubhc af h.ir^.e, Indeed, all pe*.|,.*' o,y,, I.e.e |j.|d 
retamrse ti» have eoU’aa’'i'al«ai some o| thesu t;t fh*- « ^ e. ee ,r ’’-re’ i»f 

ifriUlgefs and friiVelers, d'he llr-’.l Well-i were pCirhabis ad e| lies de-oi‘4|i- 
titm, -Mrrsf of tlioni^ ine'litlMned m liistors Wr|e e«’;!a:ad>\ su»'h. At -o-ne of* 
these, Ha'iCU' rested and relre-Jjied hers*dg when sla’ l!e,4 fi'oiii sief ill lir-a? 
tnrni «»!’ .’^arah. And if Waa **f*y the way‘* of fhoi thaf Isaar’ w ,r; a-;* 

■when he me! weah Hebret'a, And W-e learn liofO Me'ii, a%v, -11, 

lie itiliiegismitly l**ok up hra itbode near it; a enatoisi le, wi, m, v, v 

Irtir|li.eril!y' bei-,j,liie nm'dei eti ancienf e.Ues, JaroliN ■virile; a*:, : s.oi'oh-, 

if riuitiy iilig by iniin Whej 4 ihaf. paircarcli and Ins laim!-. o > -f ri 

Wiiieffi, finv div'ellm-c’i %verc near if; |< bun \%iu, i . ?Ao' *; i n.o 

of -allestander, these had ho far iliei'ins.HCil, a% Woth fie- .e » * r " Im 

form l-hc rapital rUy of iSam ma. And hurt %e-iis be*'';r \ g . 

of Jude -a, Ji-rob* ..yu W h»m he interned th*- s u. , »- 

in the vieiliify *4 fins well, Jer-.e-phll.-j^ AlUni, s-,:, I -eno e . « Vt.'i 

dill' tie s-Jif* or Ihilnivra, one of ih** m.-.a sod ru.ei *i.a‘ e, .-r ’b 

Witi IjiiiIi by »'*^u|om«ni id f'hrMU. Viu, ■!,: m C'o- , ,40 >h ,u_, 

fttiii iltieriiiiip-d ae-rordmg lo Josepirc., | \}Cp|, ^ ^ ^ ^ 


ae a! it 
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place only tliere are springs and pits (wells) of water/' Pliny makes 
same remark, and speaks of its “abundance of water." Nat. His. v, 
Bonninij in his ‘ Syracuse Antichi,' remarks that most of the Sicilian c; 
took their names from the fountains they were near, or the rivers t 
bordered upon. The deep well in the Cumean Sybil’s cave, gave its m 
Lilyhe, both to the cape and town near it. Breval's Bemarks on Europe 
and 39. The same may be said of other European cities. Bath in I 
land derived its name from the springs near it. It was named Caer-Bac 
or the place of baths, before the Homan invasion. The city of Wei 
also, was named after the wells of water near it, especially the one i 
known as St. Andrew’s Well. Lewis's Topographical Dictionary. M 
others .might be named. . . • . 

Private wells were, however, very common in ancient times. Abral 
and Isaac constructed several for the use of their own families and flo 
David's spies were secreted in the well of a private house. “ Wi 
out of thine own cistern and running waters out of thine own well, 
the language of Proverbs, v, 15 ; and in the 2d Book of Kings, xviii, 
we read of “ every one drinking water out his of own cistern or pit a 
is in the margin ,* a term often used by eastern writers, synonymously -v 
well. In the plans of private houses at Karnac, it appears that the anc 
Egyptians arranged their houses and court yards ( Grande Descript 
tom. hi, Blanche xvi,) in a manner very similar to those of the Ilomi 
cLS seen at Pompeii, and like these, each house was generally furnis 
with a round well and an oblong cistern. Lardner’s Arts of the Gre 
and Homans, i, 44. “ If I knew a man incurably thankless,” says Sent 

“ I would yet be so kind as to put him on his way, to let him light a ( 
die at mine, or draw water at mywelV' Seneca on Benefits; L'Estranj 
Trans. The story of Apono, an Italian philosopher, and reputed m 
cian, of the 13th century, indicates that almost every house had a v 
He, however, had not one, or it was dry, and his neighbor having refu 
to let his maid draw water from his well, Apono, it was said, by 
magic caused it through revenge to be carried off by devils. Bayle. 

Numerous wells of extreme antiquity are still to be seen in Eg; 
Van Sleb notices several. Besides those in some of the pyramids, there 
others which are probably as old as those structures. Mr. Wilkinson n 
tions one near the pyramids of Geezer. An. Egyp. vol. iii. Among 
ruins of Nineveh, a city whose foundations were laid by Ashur, the 
of an antediluvian, is a remarkable well, which supplies the peasant 
the vicinity with water, and who attribute to it many virtues.® Cap 
Rich named it Thishe^s Well. The immediate successors of that Phai 
who patronized Joseph erected stations to command the wells, (which v 
previously in use, and probably had been for ages,) at Wad.ee Jasous^ 
tliese same wells still supply the port of Philo teras or iEnnum, on the ] 
Sea, with water, as they did four thousand years ago.^ 

’ The building of stations to protect wells was common in ancient tir 
on account of robbers laying in wait near them. There is an allusio 
this in Judges, “They are delivered from the noise of archers in the ph 
of drawing water.” Chap, v, 11. It was at the public fountains that 
Pelasgi attacked the Athenian women. Near the ruins of an Egyp 
Temple at Wady El Mecah, is an enclosure, in the centre of which 
well. “All round the well there is a platform or gallery raised six i 
on which a guard of soldiers might w^k all round. In the upper ] 


^Narrative of a residence in Koordistan, and on the site of ancient Ninevet 
C. J. Rich; Lon 1836. Vol, ii, 26 and 34, ^An. Egyp. Vol i, 46. 
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of the. wall for <li«rhan*iiit^ arrow-j.** Finitn^hn* F^r, llfp, 112 ^*. 

Tiu^ cu.Htom tif tho nmil^, o'i|»of!allv in rh»‘ \ v m!* Mi*a. 

in still {’nmiiuviii. Fryta* in his 'rra^ols in linf?, on!.» r4 4, *• \V»t 

fouiiil flioiii m linns, not siiffoi'ing to :it:r ono *-«!* !.■■■-.*. k 

guanloii, to foti’li wator.*" PiOo‘ Fit*, 'i‘i'i. l*r.o. .-g :u M i/;,,- 

tania, ho noticaal a lii‘autlfu! rill of wator, whioh !!..-««■. i » i 

Ronian workinanslii|n naiuotl * Shraff ur i. r. ,o.4 f** ..!!7* 

on inaanint of rla» ti;iio,‘or of iiit*fting a^'.ir.*ans in So.Ji, i 

s|U‘akH oi tho ** Writs of frar,’* ''1‘ruvols, p, I Ith 

In aiioiont Cirof*of*, wt*lls wrrr vrry nuiiioroiii. ‘rho ofnahj uif'. of 
Aftioa worn Mippliia! with watrr pnnoipiilly IrMin th.«on. \ ,ir 

murks, that tlioothrr wutrr \%hirh thoy hml, \vus of Irrl *|"i.iiOv. F, 
Fhap. ll Fhilaroh Inis prosrrvrti r=omr «*f tlm laws ,»!' 

Wf4is. Fy thoHo it WUH onarttai fijat all prr^a*iH ttla# hirj fh-ur 

Ittrlongs oi II jf fillin' writ, h.ni lil*m*ry to maMt; hnf wlii^n ilr* il-niara w ii-% 
groatt*t% thf*y us^rt'* to Rtg ouo for fhrm a‘!\'Os ; ami fto-v u rar sio|a«i ' 
otl to tiig at h‘ast Hi% fort from flnhr j4ri>;!thitr’"Msnniii»i, " lof* »f 
Arrinaling to Pliny, IhnmiH fttink fho fnot wihlsin f»r«‘i”r»n ,\hit 
vu, Bin I'Rntartii, in his lifr of Fitnon, ,*aiy'i fhr .\fhrfr.4ir3 f..3,n.;.:ht fir/' ir-a 

ol tint CtriHfks ** to sow ImSMl rorn. to awol fhrn4o*h rr. ol'fljr ir::*- **f %'4rjon 

ami i'll' dm brnofit of firr ^Vt*m tisr t-Mjaa-rfsin ;n ulr,» k v. r f -i :s,o“ 
mrnfiunrd, it is t*vidrnr, that in th«' npna^-u «4’ fi.*- t ; ;; r.-f kt?*- V 

Worn urtamg thr lirat of man’-i in%a-n?s<»5ri ; 4i:d !,;*•;•.,■►' ... ; i'*- 

virns to ruisr atrr fr*un fh*Mn. In ?ko m ■, !h> a ■•■•;, fA- ; , .. 

iiig wutrr out <*f i!rr|* j-lhi uas -t pair . 7. 4,vo'' 

frivi t*f Danatr-i, f *r thr nondor i*f flafr hn-o.-iad'; '| 4 . .2 Ffri^- 

th»n (who was pnf to tirafh l»y tl^r flun\ fu'.uit-si flooanr I m- :. iaM ^ 

\vrll, prrlrn’iiig drufh f»» .Irdionor. ^1'hr Flow ,4 

ih'lop'i, \%iVi lii-^po.ital of m llir uflrr' h#or.,(.;' luusi|f«ird h\ |o« 

brothers, or hi-i airp inofhrr. Wfim I t.o mat i loo :uoA .!,oirio,| 

nurth anti watrr *tf fim v\thrniairt, iflio »»f wh-rli v. ,0. *v. ko-.. w 

irtlgtnrnf of :adyrrfion,| ehoy rfnrw itnr of thfiaj ra*. 4 .af- ; :• 3 

othri* into It ftdliiig thrill in mt>.^ krsvt- ru,r « !,. o ^4,-., , 4 

Pliilitfrli, Ami I {maidtilns iiilbrmn tiuh-a pi,** F,v ■; .',va-/5 ffi 

Prruian iim!»assattors, %vlni %vrrr ^lont f‘.» iLion ■.-.u.iir- ^ 4n 

ihmdy dsr 4:41111^ inannrr. Ilrivah b. %;n. lakl, boar.-U 4, k-,! 1 . 

tlio invasion Ilf Ft rrrrr bv Xriwt-ft. 


Shortly itflrr Ah'%mule?H dralh, ihodtrr^-i •an<l ! St r, • 

ant! hri* -aifori, liiitl bad tbrir bo,bt*s thr^o^n a IF o. 

wrrr proltstbly i*oiiiiiiMn m llabylon •fiwr!| u-i m f,j 

Ilkriy II privafr rai*S U Imbhr onr %|.soil»| .01 c-o, V | ' 

rd, wlirrr rMiirirdnirnl rrt|i|irod. Sir U 1 %, F..rt*-r, is, b;-, t- - ’■ 

llrorpia, Pri-fjia, Anm'fsia, aial annoni Ikob-wkMO, Vk-I, 1 , i4l^ .. . ,v o,. 
iviiiuiiri of iiii iiiiritoil ami ama/asrp doo.‘/wrdA S};;; 

nf Idiinii.iaii liiid Cktrfliaiwniiatt wrih ar*- nidi to |,,r 

llidla Chdia I- i rata IV*- rod '* Hadb* of d*o»!|j^ k . , , .. ‘ 

utford liio’il r\ridlt’nt At .Fa##, arr olho-:/-, ■ , : 

rf anj.vai'tal liiroiigb tsiriii oi saniFfi-ijji*. Af A| hO*o, o;.,. . , , I 

Fr. Slrtw olftrfvrtl a nnmla-r of wrll'}. w Jri»di f ■ ■. p . 
m hem rtid lOi tlir riiy/*^* 'fhr o^-Iobrafod Vnv o, p, . ./ ' k 

nitmts, iirar ifir ff*iiiplr of Jupitrr Amm-aa ■?.' < p. ||, ^ 

41 wi;|,|, Pir^ly frrt drrp, iiiid trigJil froi J h P . '.-I,. " 1 
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Discovery of Herculanernn^ [Book i 

numerous otkers, the terms ‘‘yreir’ and fountain,” are synonymous. 

The following Is among tlie first observations of Sir William Gell, 
after landing on the Troad,* ‘‘we past many wells on the road, a 
proof that the country was once more populous than at present.^ The 
inhabitants of Ithaca, the birth place of Ulysses and Telemachus, and 
the scene of some of the principal events recorded in the poetry of 
Homer, still draw their supplies of water, as informer times, from wells. ^ 
And as in other places, a tower was anciently erected to guard one oi 
these wells, and protect the inhabitants while drawing water from it.« 

The ancient Egyptians irrigated the borders of the desert above the 
reach of the inundations of the from wells, which they dug for that 
purpose.*^ The Chinese also use wells to water their land. 

As it regards the antiquity and importance of wells, it has been observed 
that the earliest account on record of the ^purchase of land, 23 Gen. was 
subsequent to that of a well, Gen. xxi, 30. 

Roman wells are found in every country which that people conquered 
Their armies had constant recourse to them, when other sources of watei 
failed, or were cut offby their enemies. Paulus Emilius, Pompey, and Cae- 
sar, often preserved their troops from destruction by having re course to them 
This was strikingly illustrated by Caesar when besieged in Alexandria; the 
water in the cisterns having been spoiled by the Egyptians. It was Pom- 
peyhs superior knowledge in thus ‘obtaining water, which enabled him tc 
overthrow Mithridates, by retaining possession of an important post 
which the latter abandoned for want of water. Thus the destinies of 
these manslayers and their armies, frequently depended on the welh 
which they made. 

The city of Rome, previous to the time of Appius Claudius Crocus, whe 
first conveyed water to it by an aqueduct, A. U. C. 411, was supplied chiefl} 
from fountains and wells, several of which are preserved to this day. (Ai 
Chartres in France, a Roman well is still known as the ‘ Saints’ Well,’ oi 
account of martyrs drowned in it by the Romans.) 

In noticing the wells of ancient Italy, we may refer to a circumstance 
which although trivial in itself, led to the most surprising discovery tha 
had ever taken place on this globe, and one which in the interest it hai 
excited is unexampled. In the early part of the eighteenth century, 1711 
an Italian peasant while digging a well near his cottage, found some 
fragments of colored marble. These attracting attention, led to further ex 
cavatlon, when a statue of Hercules was disinterred, and shortly after 
wards a mutilated one of Cleopatra. These specimens of ancient art 
were found at a considerable depth below the surface, and in a plac< 
which subsequently proved to be a temple situated in the centre of th< 
ancient city of Herculaneum!' This city was overwhelmed with ashei 
and lava, during an eruption of Vesuvius, A. D. 79, being the same h 
which the elder Pliny perished, who was suffocated with sulphurous va 
pors, like Lot’s wife in a similar calamity. Herculaneum therefore hac 
been buried 1630 years ! and while every memorial of it was lost, anc 
even the site unknown, it was thus suddenly, by a resurrection thei 
unparalleled in the annals of the world, brought again to light ; anc 
streets, temples, houses, statues, paintings, jewellery, professional imple 
ments, kitchen utensils, and other articles connected with ancient domestii 
life, were to be seen arranged, as when their owners were actively mov 


^ Top. of Troy, Lon. 1804, p. 5. ^ Ed. Encyc. Art. Ithaca. 

« Lajfd. Arts of the Greeks and Rom. Vtd. i, 136. ^ Wilk. Vol. i, 220. 
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ing among thorn. Kvoti tlia ukoloroin of ?^omt« of tht^ inlialaianrs wtm* 
fountl; one, near the rlireshokl oi* hw ihun-, with a Img of loonev in loi 
hanti, ami apparently in tim aer <4' eja^aping. 

Tlie light whieli this impcmtunt <imeovery ref!t*err«l nptm mmieron-i lulo 
jects (‘.onm*ettal with the amhtmta» hiH greitfly eehpjietl jii! mniv- 

cxm of infi'innation ; ami as regards some t*f the arts nf the lonuans, the 
information thus olnained, may he roimiilertHl almo-Hf as Inll aiai -^afeg-'n'toiy , 
as if om^ of tluhr meehanirs ijinl risen iVtun the dead atal desrrihr'd flielii. 

Among the early diseoveries inatli^ in this eify of Iiereuh*'i, lit haung 
hetm foumhal liv, in' In huntir <4* him, t'fdt’h M. ^ ‘d not rlii^ lean! iiiierriiine’ 
is ommif its pul»lie wells j whieli having hern rovereil hy an areli atid 
stHTotimieil hy a rurln the nshes were evrlndetl. FIriL 'rraiee vivo, 
lol. 'rids wt‘ll was fioiml in a Idgh state id* press^rviiiittii still e*tio^ 
tains exi’ellt'nt wat«’i% ami ts in th<’ samiMsitnlifimi as %%‘liefi the lajji le. 
males retinHl fnnu if, iMniriteg vases of ns waf«*f to tli«nr ilwelliirgs, and 
prtdaihly on tln^ eveiiiitg that pr**ei'd«Hl tin' whirlMlri®%‘e llieiii 
from it. for ever. 

h'orfy years idt«*r the tiiseovery of Itert^idimtniiii, iiirnilier rity o^^er-’ 
wliehned at t!i<^ sinne tim«% was ** tlesfineil tt» l»e the piirtner of its disiniei > 
(netiti as well ns <*f its hnrial,** 'fids was I’oinpeu, the %a-‘ry ol 

whit*h had hetm almost forgotten. An tf lay at a »o‘eafer doiinma-t f., om 
Vesuvius than Ilerrulaneum, the .stream lU’ lava ne\ n* ro.iehr-d if. If vrai 
itdmmed hy showers of a.ih»*s, punnr** and ntone'i, whii'h loioird a Ij*'.! of 
variahie depth iVniu twrivr tt» tuonfy f«-**r, and whu-h i". frov-**. r-l ; 

whiu'eas the fu’intu* eifv wan entoinlwd in a'dien and lai'a fo d»''|»th >4 
from .ni’venty f»» a humfj’«n.i fret. Wnh the t^vri-iption of ih*^ iijiprr 
i>f the houses, wideh were either eon-anmni hy red hot sfoini'i i•■jerte•■d Iroiu 
the vtdeaian or rrunh**d hy the weight i«f the Jiiaffer iM4!ertei.| on ihna' 
r<»ofs, we hehold in l*om|ieii a llouredung' r.ty iioiirly in the iiaie in %t'hirli 
it existed idi'h^oen eenturies ago* *J*ho hmhliiig^ ttiiallered hv 
fiihions ; the paintings uiidniiimal hy the h^tiden fosieli ttf ; Ii*iirsirle4*l 
funuture leit m tim eonfuMaui i*f U-Wf ; arlie|e«si ermi of Itifisurue Ivdno 
idiandoned in tht« tiurry of nrajie* yet wife fonil the loffiier. e-r ^ralferr.d 
iihinil as they fell (nnu the friunhlnig hand wha-h eoidd le'l stoop m" |'*aai3n 
fur til*' Wiisl vsihiahhi liiisiesTamis ; and in .%oine lire houei, of ifiO 

iiilialdtaiils, hearing mul fe*anm*ny to iho auddenne-i^ and r<jiii|i!**i*’’i:5ii5s id 
lh«i eahiiiiiiy \vidt:li overwhidined them, l*oiii|»e»i, n o* I oh. rhuetiasnuig 
Kit»iw!etlge, In flio prison, .stk»deiuns «»f uniMrlmrafe sipns wn-u-e sliir'ov ■ 
efed, flieir h*g heing eneftised m sharklex, and nre nu |*ie«orVeit m 

ill** at Portiei. 

I iiiffieed, :Hays M. Suiiond* II sirikifiiJ' itieiiir»rial of ih^i inigley etnpfo.in 
m ila* Fortiin ojipf-enie to the leinplo of Jtipifer; n mnv tilfar *»!’ \i f. 
niarhlit I'Xgtdfniely lie.aiitifiti, aiid ap|»areii!ly jn^l *«if of tlm ieo-ds » ? ,•? 

seilipfor, liilil lierfi ererled llsero ; an rrirlosiire WiW lanldmg ail 
tlie iiiiirfiil* jilsl ilii^lied ih»* *4* the wuilh was haf P.dl up'se.,. | 

oiil ; you miw* ihii lung ftlidintf sfrokr i»f the Iroitad ahont i 
olilii.eriif,e its own trnrk— Imc ii never did reiurn', tie' h mtl of the w. 
tfiiiii wim sinlileiily arri->if#*d ; and, afler ih** litity*** *-4’ l^-oo lliie %tv v.-e 

looks lai ifimh, ili-il you \%aeihi ahm^vi ^wear the* m-.i's^up «'.!•* tcid*/ f < 

liii diitiier, itmi iiii*i»}| in rome hark iintnedMi^dv to lintsh li,s * 

We run itti'irreiy r»»iieei%*if If ponsihh^ fur mt in*nif e»eine* ft-d gh if,* 
cif former ntfei, ever In hniinett in fniure inne'i, o.iual ni infm.*.? |,j y,.... 



Wells in Ada. 




[Book I, 


advances have beeii made in uncovering tke ^ buildings and clearing the 
streets, than will probably ever be accomplished in Herculaneum. As 
might have been expected, several wells have been found, besides min- 
water cistei'ns and fountains in great numbers. The latter were so com- 
mon, that scarcely a street has been found without one ; and every house 
was provided with one or more of the former. ^ 

During the excavations immediately previous to the publication of Sir 
• Wm. Geirs splendid work, ^ Pompeiana,’ in 1832, a very fine well was 
discovei*ed near die gate of the Pantheon, 116 feet in depth and contain 
ing 15 feet of water 

That wells were numerous in Asia and the east generally, we can 
readily believe, when we learn that some of the most fertile districts, 
could neither be cultivated nor inhabited without them. Not less than 
fifty thousand wells were counted in one district of Hindostan, when talten 
possession of by the British,* several of which are of very high antiquity. 
In China, wells are numerous, and often of large dimensions, and even 
lined with marble. In Pekin they are very common, some of the deepest 
wells of the world are in this country. " M. Arago, (in his Essay on Arte- 
sian Wells,) observes that the Chinese have sunk them to the enormous 
depth of eighteen hundred feet ! “ Dig a well before you are thirsty,’’ is 
one of their ancient proverbs. The scarcity of water over all Persia hsLS 
been noticed by every traveler in that country. . In general the inhabi- 
tants depend entirely on wells, the water of which is commonly bad. 
Fryer, xxxv, 67. 

To provide' water for the thirsty has always been esteemed in the east, 
one of the most excellent of moral duties, hence benevolent princes and rich 
men, have, firom the remotest ages, consecrated a portion of their wealth 
to the construction of wells, tanks, fountains, &c. for public use. It is re- 
corded as one of the glories of Uzziah’s reign, that he “ digged many 
wells.” Over all Persia, there are numerous cisterns built for public use 
by the rich. Fryer, 225. “Another work of charity among the Hindoos” 
observes Mr. Ward, “is the digging of pools, to supply the thirsty traveler 
with water. The cutting of these, and building flights of steps, in order to 
descend into them, is in many cases very expensive; 4,000 rupees, (2,000 
dollars,) are frequently expended on one.” At the ceremony of setting it 
apart for public use, a Brahmin, in the name of the donor, exclaims, “ I 
offer this pond of water to quench the thirst of mankind,” after which the 
owner cannot appropriate it to his own use. Hist. Hindoos, 374. 

Ferose, one oJf the monarchs of India, in the fourteenth century, “ built 
fifty sluices” (to irrigate the land,) and “ one hundred and fifty wells.” 
One of the objects, which the fakirs, or mendicant philosophers of India, 
have frequently in view, in collecting alms, is to ‘ dig a well,’ and thereby 
atone for some particular sin. Other devotees stand in the roads with 
vessels of water, and give drink to thirsty travelers from the same motives. 
Among the supposed causes of Job’s affliction, adduced by Eliphaz, was, 
“thou hast not given wafer to the weary to drink,” xxii, 7 : a most hor- 
rible accusation in such a country as Syria, and one which that righteous 
man denied with' the awful imprecation, “ then let mine arm fall from my 
ihoulder blade, and mine arm be broken from the bone.” xxxi, 22, 

“ The sun was setting,” says Mr. Emerson, “as we descended the last 
chain, and with the departure of daylight, our tortures commenced, as it 
was too dark to see any of the fountains charitably erected by the Turks 
near the road.”^ Large legacies are sometimes left by pious Turks for the 
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erection of fouiifiini?» who they ciin lio no .net niMro .'irri'jifniiio in 

GtHi« TIu.?^ iiuhIc (4* cKpeniilaj,^ thoir we.ihh. ni ibn ri.oio* f.iii.' flint ii 
conferrtHl roiil niui beiielifn on tht» inihhc, ihn ^U:iv ^4 

traiLsnuttlu^^ to posterity ifte niiiuos of the lOnior-u Th** 
mi^^ht havt^ pre.servinl iiw iuunt^ fnnn oblivion hwi UMiiiin »*! ■** ' 

hlin he(‘n known, 'fhene noble BtruclureH, in u ktnd %%'hfr*'' r%rr\ r 
of art. has been iinrrlod to deatructioii, reiiiain aliiio*4 ir-* p*'- ^ 
they wt‘r«^ constrnetrti, an<l Jt-'ranaleiii U ^fill ?aippliri| wiifi -w -Oi'r ^r. no 
thein, by an tairtheu plpo nbimt ten ineJie^ its di.oiirior. '■ I to - h- 
vt)irH art^ really worthy t»l Solomon; I hail lorinoil no mI ti^n^r 

nnigulticena.^ ; they are thre«‘ in niunbtn% the ‘analir^f aiai 

five hundrtHl feet in lenptb/^ 'I'ho \vatin*r^ lire ili/sriiari.n'il no^sti oi;/.^ 'e.n* 
anotlier, iiinl conveyeii from the h>%vei-»t ft* the rity, ** I U ;i/o 

the thirtl anJ largest ; it ifi linetl witli plaivHit^r like ilie lii-liaa i hui-ie, ao-l 
banging terrace, H run all romni it.** Luitb.uy’a 'l‘rav. l♦eL tK 

Accttnilng to the moral thH'irineH of the t ‘Innr’^e* n* ir^p^rir a rMiei* 
make a britlge> or ibg a well*** will atonr lor timns 'mm, Paij-f Cleina* 
il, HI), The Ilinitoos, ^ayn Sonnorat, believo tho of faiik'* llse 

'htghwaiyi4, reiuU*rat!m gmU proihthniH to iUvmi nml hm a4‘i-4, '' In il«# 
tbt^ bent manner of htmorliig the ileity, m if vt>i4r'4>nir-i !■»» inr' n.iinral 
gcHH,! of Im cri?a.tureM f** Vol. i, *J4. 


or *ru.\vrM tin taiow rmir'a’, 

'’rht» extreme raiflerinei wieefj Mriojj.?!'. h-iw o*-*-: , .it, i ... ^ .4.'. 1 ! ) 

enniure trojn file want ni’ w h.ivo bf^io; ov '■ ■ r-'- • e. 

from Ru!trh|tieij},n»i Marro fi* Hnokl.:.,toh •.ir..! . W > 

Some roiife*f, are a hmalroR nule-i ap'trf^ roi,| ;%:•*- 'js-ioio-a,.*- ; |.■.ou4 ; 

hence travelor’i liave uffen brrn «»b':.r‘'4 t'* ■u-iy ‘a 4 

ter those anlinal'i retiim m tlwir iitimi'u-lj-j, J/,- s ti.ssj.s .-.i 

I'niU*bl«MnoiiUinefiti in bii traiols; npon one of wlneh r 'p; i 

recording the manner in W'haJt thoso whMsb'pf brn*-..eb iLna l.vl "i 

their doom. OiieWioi a rieh merelratif, tlio lafirr a w-iOf? > v, ^ 
lunfndietl eiifiiVanH %vifh walor and proi r-!e>n*5. i ts. o- m- 
scorched liy the auis and their entrailH fiKinrrA to, f.l,." e v' - , -j. 

thirst; iherii remained lail a nimd! *|nanti?y**f o,-’ -1 , • rjr, | 

rich mail, wlaea^ fJiir^a mee made him ?tn.'.e'd L-. 41 .1, ' -o. 4i .| 

ninille enp nf it for fmi fhonsand dm^e-^ ; bof fl.i'0 w!,.;. b, p -4;, --fie. 

have been litiffieienr. fo nave flie life of mi*’ *»f ihroi, .4- 4*4 )>r 

twmea boili, server! oidv to podong ilenr s-*! fib re 4.';-) |br vi ru-^mrie, -.u.'l vijrt 
both flunk info ihitf. ni*'ep friun whirh llu-u- oj no W'skei. r; r. 4-1 ! 

Idroa of Travebu'fi, by Sf. J* 4 m. 

Mr. Hrure, when ill Aby-rmna, Mbf-arjird W'-.e^r Kiroo. v :• 

eame|.’4 whirh hi.a riaii|eo.iiMtjfi .slew" ibr ih.i* * ■: ' -■ 

fiioiltliH jiiirl Ilf f rjjvejrrii, fiiun w imf. »->f fJ-ies |<3 r k'. . • v; ■’ . 

route dry and, hard bke those of pio-*--4s ; hni uo- ,< , * 

petiple who s!it!!'r tVoin flersf, Ihiroie fho eoja ■■ ' ■ o. 

w!iii*,li |irevaile}i over all Jndea m AhaOS r»-jrsn, t-%r' ■. •! 

Hidleretb I Ivmpi, .xvn and «iv:n. And -msda !n*a .v ^ t -j . 

rnon, ** dlie pour and n*n'k wan*ia and ■: , 

toijgiHi failefli tbr thirst/* tl %l4 Ir,? ill neni.-rn t.o:.,— : w.,,.'- " . ■■■,. 

wri4,e, and iml ifie pojtr ,sf>e.‘e, he* '* t);.' h -i- ^ : r*:. ;■. ,■ s 

d«l/* fiiiil, Hi Well as fh*’ ne-df-.fnde,, .ire **ih;od -in* n ’ , e " | • s '> , l.j 

*Cdi}ii. |*erl*'r'« |.*’!*rra fi.*in f s |o| 
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Mechanics in cities were not exempt. “ The smith with the tong-s, both 
worketh in the coals and fashioneth it with hammers, and worketh it with 
ihe strength of his arms, is hungry and his strength faileth, he drinhethno 
water and is faintP Isa. xliv, 12. 

Dr. Ryers, who lived in the city of Gombroon, on the Persian Gulf, 
when describing the heat of the climate and the deficiency and bad quality 
of the water, observes that the heat made “ the mountains gape, the rocks 
cleft in sunder, the waters stagnate, to which the birds with hanging 
wings repair to quench their thirst \ for want of which the herds do low, 
the camels cry, the barren earth opens wide for drink ; and all things ap- 
pear calamitous for want of kindly moisture ; in lieu of which hot blasts 
of wind and showers of sand infest the purer air, and drive not only us, 
but birds and beasts to seek remote dwellings, or else to perish here and 
after removing to a village some miles distant, for the sake of waterf' 
by a metaphor, that will appear to some persons as bordering on blas- 
phemy, he says, it was as welcome to our parched throats, as a drop of 
that cool liquid, to the importunate Divest Fryer, p. 418. Under similar 
circumstances, the Hindoos, night and day run through the streets, carry- 
ing boards with earth on their heads, and loudly repeating after the Brah- 
mins, a prayer, signifying ** God give us water. Even in Greece and 
Rome, where water was in comparative abundance, agricultural laborer^ 
considered the Frog an object of envy, inasmuch as it had always 
enough to drink in the most sultry weather. Lard- Arts Greeks and Rom. 
Vol. ii, 20. The ignorant and clamorous Israelites, enraged wifh thirst, 
abused Moses, and were ready to stone him, because they had no water. 

One of the most appalling facts that is recorded of suffering from thirst 
occurred in 1805. A caravan proceeding from Timboctoo to Talifet, was 
disappointed in not finding water at the usual watering places ; when, 
horrible to relate, all the persons belonging to it, two thousand in number, 
besides eighteen hundred camels, perished hy thirst! Occurrences like 
this, account for the vast quantities of human and other bones, which are 
found heaped together in various parts of the desert. Wonders of the 
World, p. 246. While the crusaders besieged Jerusalem, great numbers 
perished of thirst, for the Turks had filled the wells in the vicinity. Me- 
morials of their sufferings may yet be found in the heraldic bearings of their 
descendants. The charge of a foraging party ‘for water,’ we are told, “was 
an office of distinction;” hence, some of the commanders on these occa- 
sions, subsequently adopted water huchets in their coats of arms, as em- 
blems of their labors in Palestine. ‘ Water Bougettes,’ formed part of 
the aiuns of Sir Humphrey Bouchier, who was slain at the battle of Bar- 
net, in 1471. Monies’ Ant. of Westminster Abbey. 
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(’HAl’TKU V. 

Huhjfl'l af Wr.ui.s r.iu»{muinl’“*\V»'lN \4or»lu|«prtl— ■Uivii'i' ^rll aI *> 1 . 

h<‘n at \V<'Us--"Trm!uuni of th«' Altars rrrrtrst nrar rt-imunjurin «iftj ••} 

waiof in tirt’ctri', ItiMiit'!, hu*! ■■'■Tr*ti»|>lr9 rrrrf.>'*| wrila 

of \V«4I /ann Mtw»|t*ra . - ihutlsH^ 

».» Wiitlt'n** wn}i---Wrli!ii »a niiitmn |*lu»y».«tvit» --laaiuls’* Msalf’rn ®«nrr!!iitiSH*n!i ^stiH 

to wnt<^r uml w«‘ni«-”»Ilt»uUHw of iir»r v>r4b 

tioni tii' thn I*0r®taH*-'“'Asifi:la "Ilrioltioji- tsu'll- 

w«iU-»«ll«UM i.n4 * warming.' 

hi tliti t'arly imfa' \vu« :vi t!i<» j4ii! ».nt it nnu uf \vlti«.*!i Jill 

in tliti xwm ?nippb’4<n! tn in? nunif, ninl flii» vivilyiiirf |iriir- 

ciptfUhat iiniiufttrul tlii» wlm!**; h<nu*«% Hvt'r-i, thunfuirri, .tnti wrilti, AV’i^fii 
AVtjr.HhipptHl iuhI IhmUA ntiii <*rrt’in«»ii!ri in Innttir 

tht'IU, or of tb*'. Avliirll WiTtt iH'lirVf*! lit |ir«"';?.iir tnrr liif'lll. Ah 

all nntitni.H rrtain i4’ iln'nai|M*r;A5fi*»n, uh !»' jn n i-, pi’at'fb 

Sftl to II IrunriifiiMo oxfruf. A'-v-i fh»* hnnnh-.if in*'^ -.lirt l u it- ttf 

iniilioiiH i»f hrr ♦lt';:ra*irtl hy n, 02 t'-fnir!’ ir**---. Sis-« i|‘) tif" j«il 

|(run*l ur»' i‘nnf4iinl!v in ni^lrMii oyrr all I in, tilt l|,r;r WiiV f*t fhf' 

* i-tacrnti ( ihnr frnrk’i itf-iun**! %x ifU Ih*' hlt<toi ansi rt»v#M'r.| illi 
tln^ bt»n<*M of tljiani4n*t4 th-'i? pt-n’ili fbo rt'iiJ. Wifh it li 

<.|<'niin‘il a virtue 1 ^ 1*11 f** //i-’a/i *4 tlra*- W'lulf f** li'iflio in tin wsttvtH 

winihtM uAvay ali .njii, an»! t^i rA|»n'i' i*si n-'i !*r;nk, i»r siiifliirtitrrf in if, h 
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Oiii' iirrrLilit iiUafiJ, ami lit*'! i it-nun. 1114*1 ii, IliH, 

** Wlitjrovrr II *i|irisi|^ or n rivor lluyA!,/’ n.na Stoirry, thorn im 
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year at tlie fountains of Aretnusa, and they sacrificed black bulls to 
at the fountain of Cyane. Wells were sometimes dedicated to par 
deities, as the oracular fountain mentioned by Pausanias, near the 
Patra, which still remains nearly as he described it ; and having- b( 
dedicated to a Christian saint, ‘‘is still a sacred well.’^ Divinat 
water, was practised at this well. A mirror was suspended by a t 
having its polished surface upwards, and while floating on the 
presRages were drawn from the images reflected. 

Polynices, in CEdipus Coloneus, swears “ by our native fountah 
our kindred gods.” Antigone, when about to be sacrificed, appeals 
“ fountains of Dirce, and the grove of Thebe.” Ajax before he 
himself, called on the sun, the soil of Salamis, and “ye fountair 
rivers here.” Trag. of Sophocles lit. trans. 1837. 

At Peneus' fount Aristeus stood and bowed with woe, 

Breathed his deep murmurs to the nymph below : Georgies L. : 

Cyrene I thou whom these fair sprii^s revere.-’ 

The fountain of Apone.us, (now Albano) the birth place of Liv^ 
an oracular one. That of Pirene at Corinth, was sacred to the i 
Eneas invoked “ living fountains” among other “ Ethereal Gods.” 
old Latinus 

“ Sought the shades renowned for prophecy, 

Which near Albuneas’ sulphureous fountain lie.” En. vii, 

Cicero says, the Roman priests and augurs, in their prayers, call 
the names of rivers, brooks, and springs. 

Vessels of water were carried by the Egyptian priests in their s 
processions, to denote the great blessings derived from it, and that i 
the beginning of all things. Vitruvius says they were accustorr 
place a vase of it in their temples with great devotion, and prost 
themselves on the earth, returned thanks to the divine goodness for it 
tection. Book viii, Proem. In the celebration of the Eleusinian n 
ries, those who entered the temple, washed their hands in holy wate 
on the ninth and last day of the festival, vessels of water were o 
with great ceremonies, and accompanied with mystical expressions 
Gods. Those who were initiated were prohibited from ever sittii 
the cover of a well. Sojourners among the Greeks carried in the reli 
processions, small vessels formed in the shape of boats ; and their d 
ters water pots with umbrellas. Rob. Ant. Greece. Plutarch 
fishes were not eaten of old, from reverence of springs.” 

Among the ancient Peruvians, certain Indians \yere appointed to 
fice “to fountains, springs, and rivers.” Pur. Pil. 1076. Holy wate 
placed near the altars of the Mexicans. Ibid, 987. Tlaloc was theii 
of water; on fulfilling particular vows they bathed in the sacred 
Tezeapan. The water of the fountain Toxpalatl was drank only i 
most solemn feasts : no one was allowed to taste it at any other time, 
vigero, Lon. 1786, vol. i, 251 and 265. The Fontinalia of the Roi 
were reli^ous festivals, held in October, in honor of the Nymphs of 
and fountains ; part of the ceremonies consisted in throwing nosegay 
fountains, and decorating the curbs of wells with wreaths of flowers 

The Jews had a religious festival in connection with water, the ( 
of which is not clearly ascertained. It was kept on the last day c 
feast of tabernacles, when they drew water with great ceremony 
the pool of Siloah and conveyed it to the temple.^ It is supposed, th 
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vior alludes to this practice, when on *'the last day, that great day of the 
feast, he stood and cried, saying, if any man thirst, let him come unto me, 
and drink. He that helieveth on me, as the scripture hath said, out of his 
belly shall flow rivers of living waters.’’ John, vii, 37. One of the five 
solemn festivals of the people of Pegu, is * the feast of water,’ during 
which, ' the king, nobles and all the people throw water upon one another.’ 
Ovington’s Voy. to Surat. 1689. 597. The superstitious veneration for wells, 
induced the ancients to erect temples near, and sometimes over them ; as 
the fountain of Apollo, near the temple of Jupiter Ammon ; the well 
Zemzem in the temple of Mecca, &c. In accordance with this prevailing 
custom, we find the prophet Joel speaks of a fountain which should come 
forth out of the house of the Lord^ and water the valley, hi, 18. And 
when Jeroboam built a temple, that the ten tribes might not be obliged to 
go to Jerusalem to worship, and there be seduced from him, Josephus 
tells us, that he built it by the fountains of the lesser Jordan. Antiq. viii, 
cap. 8. In the temple of Isis, at Pompeii, the ‘ sacred well’ has been 
found. Pompeii, i, 277, 279. 

The ancient custom of enclosing wells in religious edifices was adopted 
by both Christians and Mahommedans. Among the latter it is still con 
tinned, and it is not altogether abandoned by the former. 

This afternoon,” says Fryei% speaking of one of the mosques in India, 
‘‘ their sanctum sanctorum was open, the priest entering in barefoot, and 
prostrating himself on one of the mats spread on the floor, wdiither I must 
not have gone, could his authority have kept me out. The walls were 
white and clean but plain, only the commandments wrote in Arabic at the 
west end, were hung over a table in an arched place, where the priest ex- 
pounds, on an ascent of seven steps, railed at top with stone very hand- 
somely. Underneath are fine cool vaults, and stone stairs to descend to a 
dee]j tanlcJ^ . 

As it was formerly death- to a Christian who -entered a mosque, we shall 
add a more recent instance. In 1831, Mr. St. John disguised himself) 
like Burckhardt, in the costume of a native, and visited the mosques of 
Cairo. In that of Sultan Hassan, he observes, '' ascending a long flight 
of steps, and passing under a magnificent doorway, we entered the vesti- 
bule, and proceeded towards the most sacred portion of the edifice, where, 
on stepping over a small railing, it was necessary to take off our babooshes, 
or red Turkish shoes. Here we beheld a spacious square court, paved 
with marble of various colors, fancifully arranged, with a beautiful oc- 
tagonal marhle fountain in the centre.” Egypt and Mohammed Ali, ii, 338. 
It is the same in Persia. Tavern. Trav. Lon. 1678. 29. The temples 
of India says Sonnerat, have a sacred tank, deified by the Brahmins 
The figures of gods are sometimes thrown ‘into a tank or well.’ Voy. i 
111, 132. In old times, churches were removed from other buildings, 
and were surrounded with courts, in the centre of which there were 
fountains, where people washed before going to prayers. Moreri Die. In 
one of the old churches at Upsal, is an ancient well, that had formerly 
been famous ‘for its miraculous cures.’ Woden’s well is still shown 
in the same city. It was in the vicinity of the old temple of that great 
northern deity. De la Mortraye’s Trav. ii, 262. Van Braam noticed a 
well in one of the large temples of China. Journ. ii, 224. ‘ Sacred 

springs,’ are mentioned by Juvenal. 3 Sat. 30. Pliny speaks of fountains 
and wells of water as very ‘ wholesome and proper for the cure of many 
diseases to which, he says, there is ascribed some divine power, inso'- 
much that they give names to sundry gods and goddesses, xxxi, 2. The 
Celts venerated lakes, rivers, and fountains, into which they threw gold.. 
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The Britons and Piets did tlie same. Scot. Gael, 258. Mezeray, 
History of France, wlien speaking of the church in the third and 
centuries, remarks, ‘ Hitherto very few of the French had recei^' 
light of the gospel ; they yet adored trees, Jountains, serpents, and 
i, 4. In the eighth century, the council of Soissons condemned a I 
who built oratories and set up crosses near fountains, &c. Ib. 113. 

Ancient superstitions with regard to water are still practised m 
, less over a great part of the world. At the first new moon in 0< 
' the Hindoos hold a great celebration to their Deities. “ The next 
their women flock to the sacred wells” Fryer, 110. Many of th( 
monies performed in old times by women in honor of wells and fon 
are yet practised in some of the Grecian islands. There the femal 
dance round the wells, the ancient CallicTiorus, accompanied with S( 
honor of Ceres. Dr. Clarice. “ I have just returned this morning,*^ (sa 
Campbell in his Letters from the South, Phila. Ed. 1836, 102,) ‘‘fro 
nessing a superstitious ceremony, which, though unwarranted by tl 
ran, is practised by all Mahometans here, [Algiers] black, brow: 
white, nay by the Jews also. It consists in sacrificing the life oJ 
eatable animal to one of the devils who inhabit certain fountains m 
giers. The victims were fowls, they were dipped in the saoi'ed t 
Homer calls it, after which the high priest took them to a neigh 
fountain, and having waved his knife thrice around the head of an o 
man, who sat squatting beside it, cut their throats,’’ &c. 

The custom was probably a common one in ancient Nineveh ; fc 
a year the peasants assemble and sacrifice a slieej? at Thisbe’s wel 
music and other festivities. The Greeks are so much attached to g 
and wells, that “ there is scarcely one in all Greece and the islands, 
is not consecrated to the Virgin, w’-ho seems to have succeeded the £ 
nymphs in the guardianship of these places.*^ 

The supposed sanctity of wells also led to the custom of interi'i 
bodies of saints or holy persons near them ^ thus in all parts of ] 
the tombs of saints are found in the vicinity of those places, “ whe 
wandering dervishes stop to pray, and less pious travelers to queue 
thirst.” Some, says Fryer, are buried with “ their heels up ware 
Diogenes.” 

Worship of wells, like many other superstitions of Pagan origii 
early incorporated with the ceremonies of the Christian church, and < 
to an idolatrous excess. A schism took place in Persia among the 
nians, in the tenth century ; one party was accused of ‘ despising tl 
well of Fagarsciebat.’ In Europe it was at one time universal. 1 
gland, in the reigns of Canute and Edgar, edicts were issued prol 
well worship. When Hereward the Saxon hero, held the mars 
Ely against the Norman conqueror, he said he heard his hostess con^ 
with a witch at midnight! he arose silently from his bed, and fo 
them into the garden, to a ‘ fountain of water,’ and there he ‘hean 
holding converse with the spirit of the fountain.’ From a collect 
Anglo Saxon remains, the following example is taken. “ If any c 
serve lots or divinations, or keep his wake, [watch] at any well 
any other created things, except at God’s church, let him fast three 
the first one on bread and water,” &c. In a Saxon homily against 
craft and magic, in the library of the University of Cambridge, it 
“some men are so blind, that thev brin^y their offerin.o-s to immnvalili 
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ship stones, trees, and water, and make offerings to them.^ In a manu- 
script written in the early part of the fifteenth centuiy, there is a humor- 
ous song, in which there is an allusion to this superstition. It begins thus : 

< The last tyme I the wel woke 
Sir John caghtme with a croke, 

He made me swere be bel and boke 
I shirld not tel.’ 

Even so late as the seventeenth century, people in Scotland were in the 
habit of visiting wells, at which they performed numerous acts of super- 
stition. Shaw, in his History of the Province of Moray, says that ‘heathen 
customs were much practised among the people,^ and among them, he in- 
stances their ‘ performing pilgrimages to wells,’ and ‘ building chapels to 
fountains.’^ At the present time in some parts of England, remains of 
well worship are preserved, in the custom of performing annual proces- 
sions to them, decorating them wdth wreaths and chaplets of nowers, 
singing of hymns, and even reading a portion of the gospel as part of the 
ceremonies. 

These same customs gave rise to the numerous holy wells, which for- 
merly abounded throughout the old world, and the memory of many of 
which is still preserved in names of towns. In the church of Nanterre, 
near Paris, the birth place of Saint Genevieve, is a well, by the water of 
which, this patroness of the Parisians miraculously restored her blind 
mother and many others to sight! Breval’s Eu. 307. Saint Winifred’s 
well in Flintshire, Eng. from its sacred character gave name to the town 
of Holywell.* Mr. Pennant says, the custom of visiting this well in pil- 
gi'image, and offering u]^ devotions there, was not in liis time entirely laid 
aside: ‘‘in the summer, a few are to be seen in the water, in deep devo- 
tion up to their chin for hours, sending up their prayers, or performing a 
number of evolutions round the polygonal well.” Even so late as 1804, 
a Roman catholic bishop of Wolverhampton, took much pains to pex’suade 
the world, that an ignorant proselyte of his, named Winifred White was 
miraculously cured at this well of various chronic diseases 1 

The custom of ‘ house-warming’ is very ancient ; the sa77i€ ceremonies, 
were formerly performed on the completion of new wells. 


CHAPTER VI. 

Wells continued: De'ptli of ancient wells — In Hindostan—Woll of Tyre — Carthagonian wolls — Wells 
in Greece, Herculaneum and Pompeii — ^Wells without curbs — Ancient laws to prevent accidents from 
persons and animals falling into them — Sagacity and revenge of an elephant — Ilylas — Archelaus 
of Maeedoii — ^Thracian soldier and a lady at Thebes — Wooden covers — ^Wolls in Judea — Ilcasons for 
not placing curbs round wells— Scythians— -Arabs^Aquilius— Abraham— -Hezekiah-— David — ^Mardo- 
nius — Moses and tho people of Edom — Burckhardt in Petra — ^Woman ofBahurim — Persian tradition — 
Ali, the fourth Caliph— Covering wells with large stones— Mahommedan tradition— Tlicmistoclea— Edicts 
of Greek emperors— Well at Heliopolis— Juvenal— Roman and Grecian curbs of marble— Capitols of 
ancient columns converted into curbs for wells. 

A knowledge of the depth and other circumstances, relating to some 
ancient wells, is necessary to a due investigation of tlie various methods 
of raising water from them. We cannot indeed form a correct judgment 
of the latter, without some acquaintance with the former. 


Ward’s Hindoos, 342, 352. ^ Hone’s Every Day Book, ii, 636, 685. Fosbroke, C84. 
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The wells of Asia are generally of great depth, and of course 
so in former times. In Guzzerat, they are from eighty to a hundred 
in the adjoining province of Mulwah, they are frequently three hui 
feet. In Ajmeer, they are from one to two hundred feet. Mr. El 
stone in his mission to Cabaul observes, * the wells are often three 
dred feet deep ; one was three hundred and forty five f and witb 
enormous depth, some are only three feet in diameter. The famous 
of ancient Tyre, ^ whose merchants were princes, and whose traffic 
were the honorable of the earth,’ is, according to some travelers, wi 
a bottom ; but La Roque, is said by Volney, to have found it at the ( 
of ' six and thirty fathom.’ 

Shalmanezer besieged this city of mechanics for five years, wi 
being able to take it ; at last he cut off the waters of this well, whe 
inhabitants dug others within the city ; after which they held out 
Nebuchadnezzar, and the whole power of the Babylonian empir 
thirteen years ; being the longest siege on record, except that of As' 
Jos. Antiq. ix, 14. Ancient Carthagenian wells of great depth have 
already mentioned. Dr. Shaw (Trav. 135,) observes of a tribe of th( 
byles, ‘ their country is very dry, they have no fountains or rivulets, 
in order to obtain water, they dig wells ^ to the depth of from one t( 
hundred fathom.’ Jacob’s well is a hundred and nine feet, and Jos 
well at Cairo, near three hundred feet deep. The well Zemzem at hJ 
is two hundred and ten feet. * Exceeding deep wells’ in Surat, are 
tionedby Toreen, inOsbeck’s Voyage to China. That the Wells of J 
were generally deep, is obvious from a provision in Solon’s law respe 
them, by which a person, after digging to the depth of sixty feet wi 
obtaining water, was allowed to fill a six gallon vessel twice a day ? 
neighbor’s well. The frequency of not meeting with water at that d 
evidently gave rise to this provision.® The wells of Hercalaneun 
Pompeii, were probably all of considerable depth, if we judge from 
that have been discovered. 


WELLS WITHOUT CURBS. 

Another feature in ancient — particularly Asiatic — wells, was, they 
often without ewrhs or parapets built round them ; hence animals 
fell into them and were killed. A very ancient law enacted, that, 
man shall open or dig a pit, [a well] and not cover it ; and an ox < 
ass fall therein, the owner of the pit shall make it good, and give n 
to the owner of them, and the dead beasts shall be his.’ Exo. xxi, 3 
This was probably an old Phenician and Egyptian law which tl 
raelites adopted from its obvious utility. Josephus’ account of it is 
explicit : ‘ let those that dig a well or a pit, be careful to lay planks 
them, and so keep them shut up, not to hinder persons from drawing 
ter, but that there may be no danger of falling into them.’ Anti 
8. Numerous examples of the utility of such a law might be proc 
from oriental histories. Benaiah, one of the three famous warrio: 
David, who broke through the hosts of the Philistines and drew ^ 
for him out of the well of Bethlehem, * slew a lion in the midst of a 
the time of snow.’ Sam. xxiii, 20 : from Josephus, this appears to 
been one of the ordinary wells of the country, which having no 
had been left open, and the * lion slipped and fell into it.’ Antiq. vii 
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whicli he had fallen with his legs tied, that being the practice of the Arabs 
when they send out these animals to feed.’®- The custom of the Arabs in 
this respect has probably, like many others, undergone no change. It ex- 
plains the necessity of the law in Exodus, as quoted above. 

As two elephant drivers, each on his elephant, one of which was re- 
markably large and powerful, and the other small and weak, were ap- 
proaching a well, the latter carried at the end of his proboscis a bucket 
by which to raise the water. The larger animal instigated by his driver, 
(who was not provided with one,) seized and easily wrested it from the 
weaker elephant, which, though unable to resent the insult, obviously felt 
it. At length, watching his opportunity when the other was standing amid 
the crowd with his side to the well, he retired backwards in a very quiet 
and unsuspicious manner, and then rushing forward with all his might, 
drove his head against the side of the robber, and iairly pushed him into 
the well — the surface of the water in which, was twenty feet below the 
level of the ground. 

But animals were not the only sufferers : — There are passages in an- 
cient authors which indicate the loss of human life both accidentally and 
by design, in consequence of the absence of curbs to wells. Thus Hylas 
who accompanied Hercules on the Argonautic expedition, went ashore to 
draw water from a well or fountain, and he fell in and was drowned. 
Virgil represents the companions of Hylas after missing him, as spread- 
ing themselves along the coast and loudly repeating his name : 

And Hylas, whom his messmates loud deplore, 

While Hylas I Hylas! rings from all the shore. 

JSc. vi, 48- Wrangham. 

Archelaus of Macedon, a contemporary of Socrates, ascended the throne 
by the most horrid crimes. Among others whom he murdered, was his 
own brother, a boy only seven years old. He threw his body into a well, 
and endeavored to make his mother believe that the child fell in, * as he 
was running after a goose.’ 'Bayle, 

When Alexander, like a-demion, destroyed the city of Thebes, (the ca- 
pital of one of the States of Greece,) and murdered six thousand of its 
inhabitants, a party of Thracian soldiers belonging to his army demolished 
the house of Timoclea, alady of distinguished virtue andhonor. The soldiers 
carried off the booty, and their captain having violated the lady, asked 
her, if she had not concealed some of her treasures: she told him she 
had, and taking him alone with her into the garden, she showed him 
a well, into which she said she had thrown every thing of value. Now 
we are told, that as he stooped down to look into the well, this high spi- 
rited and much injured lady pushed him in, and killed him with stones.^ 

From these accounts, it appears that wells belonging to private houses in 
ancient Greece, were sometimes without curbs, although they probably had 
portable or wooden covers. That these were common, is evident from a pas- 
sage already quoted from Josephus; and the remains of one have been 
discovered in Pompeii.<^ The private well mentioned in 2 Sarii. xvii, 18, 
had no curb. Indeed it is evident from the New Testament, that the an- 
cient custom of leaving the upper surface of wells level with the ground, 
prevailed among the Jews, through the whole of their history, from their 
independence as a nation, to their final overthrow by Titus. ‘ What man 
among you having one sheep, if it fall into a yit on the sabbath day, will 


^St John’s Egypt, i, 354. ^Plutarch’s Life of Alexander. 204. 
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he not lay hold of it and lift it out?’ Matt, xii, 11. And again in Luke, 
« which of you shall have an ass, or an ox fallen into a pit, and will not 
strai'^htway pull him out on the sabbath day.’ xiv, 5. 

IiTthese passages, which are parallel to those quoted from Exodus and 
Josephus, the word ‘ pit’ is synonymous with ‘ well.’ In Antiq. vii, 12. 
f the well of Bethlehem,’ is called a ‘ pit.’ Wells without curbs are met 
with in Judea and the east generally, at the present time, although they 
are not so numerous as formerly. Mr. Stephens, in his ' Incidents of 
Travel,’ observed on the road to Gaza, 'two remarkable wells of the very 
best Koman workmanship, about fifty feet deep, lined with large hard 
stones, as firm and perfect as on the day on which they were laid; the up- 
permost layer on the top of the well, ' was on a level with the pavement.^ 
In some illustrations of the Book of Genesis, executed in the fourth or 
fifth century, one represents the interview between Rebecca and Eliezer ; 
the well is square, and the curb but a few inches high. 


eeasons for not placing curbs round the mouths op wells. 

The motives which induced the ancients to leave their wells without 
curbs were various : 

1. That they might be more readily concealed. This was a universal 
custom, in times of war. When Darius invaded Scythia, the inhabitants 
did not attempt an open resistance, but covered up their wells and springs 
and retired. Herod, iv, 120. Mr. Elphinstone, in his mission to Cabaul, 
says, the people ‘ have a mode of covering their wells with boards, heaped 
with sand, that effectually conceals them from an enemy.’ Diodorus Si- 
culus, remarked the same of the Bedouin Arabs, eighteen centuries ago, 
and they still practise it. Travelers in the Lybian desert are often six and 
seven days without water, and frequently perish for want of it; 'the 
drifting sand having covered the inarhs of the wells.’** W ells, when thus con- 
cealed ' can only be found by persons whose profession it is to pilot cara- 
vans across this ocean of sand, and the sagacity with which these men per- 
form their duty is wonderful like pilots at sea with nothing but the stars 
to direct them. 

2. To prevent them from being poisoned or filled up, both of which 
frequently occurred. The Roman General Aquilius conquered the cities 
of the kingdom of Pergamus, one by one, by -poisoning the waters. This 
horrid crime has always prevailed. In 1320, many Jews were, burnt in 
France, while others were massacred by the infuriate people, under the 
belief that they had poisoned the wells and fountains of Paris., The Earl 
of Savoy was poisoned in this manner in 1384, and the practice was com- 
mon in the fifteenth century.® Some of the wells belonging to Abraham, 
were stopped up by the inhabitants. ' And Isaac digged again the wells 
of water, which they had digged in the days of Abraham his father, for 
the Philistines had stopped them, after the death of Abraham.’ Gen. xxvi, 
IS. ' We walked on some distance to a well, which we found of 
sand ; Hussein scoq^ed it out with his hands, when the water rose and 
all of us drank.’ Lindsay’s Trav. Let. 7. When the Assyrians under 
Senacherib, invaded Judea in tlie eighth century, B. C. ' Hezekiah took 
counsel with his princes and mighty men, to stop the waters of the foun- 
tains which were without the city * and they stopped all the fountains, 
saying, why should the king of Assyria come here and find much water?' 
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T!i« ciwtaia of loaving cho priiii‘if»ul supply *»f w.ifor wiflimif tiiv» ualhi 
of the tuoro norioot eitioji, h rerii.irkiililo ; and r»'.i-u»ii f -r ii i j4. >1. 
jet been satiHfio'torily explainetL 'rbi’ \va!ei* wlurfi ,Hupp!jr*l Alo;’». I, mu * i. 
lay ia a very «ieep p;lea, iuhI wuh lliereft»re « 4 vir*‘r!y si*i«*ireh]** : h.j n,** 
ipringrf the Srainaucier at Troy, tjf MinaMta'iiinoi at. ; *'!' huuM 

at TheljoH, aiul iiiinniieralile prtn-r that r-eirh ii'.-a..u 24 'M-i xm » .-ifi- 

mon.®“ Wlaei I)a.vitl wap;eii war a^i^aia^st the Aiiiov •uiiM i, ht-i -va* * ^ 1., « 
otHHliti‘4 to tJuMi*phu?i, waa eliietly tiwiiel r,*aan%d i" 4 !!itva »'*’!* 

wiHer.s, aiuI (\‘^p«‘eiaily tlo>Me of a pardrolar Well. Aoriip % u', I. 
thus sfoppocl up the i Jiirp'aphi.'iii hauitatiu W'liirh nupphrA flio I lira ,40 ,*r 
my with water, au net whieh hroupht on in ^uoiulv, lie-’ l 4 iie»o~* h/.iihf 
iif Flatea, in whii'h he* wan ^ilaiii, aiai the |n>wer of |'*rr '04 11# 
iiuaily prt >.:■;( rated, A reuuii-kahle iii.:aanre o| the labor .11.4I |‘»o .*■•-01 yu'o 
of aiieient Mt>hlier#4, in <*iiftino otf a wril 4»r fouiifniii Iroun he-ufu-f 4 pJata-i, 
is itiven liy thenar in hin ( huninentai-nea on the War in tianl. % m, o-l. 

rf. prev«*iit the wafer from i»ou4p ,* whieh eMiil*.! fa'-a! rrly 

heen previnitetl at welln with riirha, for they eoiihl itof, then ha^'*’ hioju rMir- 
eealetl. We must hear in miml thiit the extreme aearriiy of %%'afef ifi llie 
east, napiired a vloiliuit anti parHintonitma rare of if ; 4 uj 4 hoiirtt r*uitni«iil 
quiirrek arose* fnun iitnuiipts nt purloin jt, or to tako if hv fhrrr. * Aiwl 

Um henlstuen of t«enir tiiti MtaAe with Inaao’-> lae-.i-'-UiMiu fliti 

wafttr m <mrs.* (ten. .wvi, .‘jO. Thia kind of’ 'irnih, •< Ur. If:.- Ij-ifd 11*11, 

betwtam the tiillenuit \illa‘'ora, sfill 41 if 4 ul nt fl-f d.o. •! «>!' At*ni- 

liinn anti Lt»f. !r was eu-jojuarv tor .‘»hopher 4 a !»* m?i f<ro hmIA hir. 

fort* others eaiij<% le:.t fhore* alneaki ii«if bo nnllHi»*nf jet'r I'U’ joil 

iltu'kM, and if w.ei al an «'*eeu!'r».meo itf tins kind, fhni Mui»ir% |if<| iw' • 

<|uaintt‘d with 7 d|»porah and inn* ubutu's. Jos, Antr'|. n, 11. "* Xioifly m'% 

iuHir:! btwoHii fhe rume«l town f*f Kournou, aial twn* Itiworal ihe dry 
ni a fanail :4.ri*aiu railed VA (teirara, brook tsf UVoir /] \is,'e w«’ie niir* 
jiriiitni at findifiif iwtt larpe and drt'p wefts, Iw^ainiiulK lenll o#f |ph% o 
idle uppermost rourae, ami atioiii a ilo/,en tromdis for tbn.. 

jioHt'd rttund them, rtf a roarse while tnarbh’ ; tlt**v worr rMro. .xl 

with the lloniairi. i|,uife li |iiilriarr|nil smii* pi'r-^oUrd sinral' u fl^rw 
lieiif to the wells ; tlie lletloniiei were ^tafeniie tionr k-, ; fe/ . oooi nf 
«imh well letlin|( down the ,^kins and pulbne fhrm up 4."’ o.n, u luk'. :4or<-».-si 
feroeioiis hitsfti, iilitl wifh *|niek aavaee 'dioufu'' lond.':av*n . lo-i *1. 

The seareify of wafer in tho^e rtnuarir'i h-m ii.an oao.'ir'-i 
math* if an objerf of ;/iro 7 o/ad#je. — Vr dj:di uI-im ]»uv u!*'r iIhuh lof 
money fhaf ye may lirink.** Ihmf, h, if 'fH. Ar.'.d J* ’4 .on:., do--.*' 1% o Ivn'. m 

drnnkon (»ur wafrr for mompv/* Lain, v, I. lAo-le.r|„ ii^ I ■'I, 

,I Ids valm* »d wafer iirty be perr«d%ed sn ih*^ nrf.M.|;dson of" -.x a)x 

file kiU'**' <d i***lonu torn pa‘,4a‘*'e fhfoueli fle.it r.!<u 4 er*, , I it*? plrd ; ’r-d o;, r.| 
liell ihuf hi-i et#un!ryfiioii Would Uof inpire ledkin o* 1?.*'- \ ^ 

** neither,** ^ ly x lie, *‘ Wil| Wf^ drink of fho w ..dm mI’ w.-';:',,*' , s 4 ^ 

rilb'ie?|!ienf propiriifioit, he adds, ‘Uf I and fitV raffle droji* e,^ ,, .• 

flien I wdl /^rif/ for if.*’ Xiiui. %■%, fV, In. ‘fi lue.k . t u ,;u 

flit* fe\r, fij.'if. the ereur f|U-unnie'S of* W'.afer whirdi -rn^ h u • U' .■ i,.' i :< «• 
I|llire, ihi- |.iniirip;i| M|eerrn..n ureed hv the pr-ooh- . I ; i ,, V';--/ 

Were afr-riiJ, ufifl very nafurdiy foo^ ihsif aimfee.'. -f ■= .-j r ■ »'e. .o.i 

llieir wudl-i Whdo p 4 o 4 ,n,.» ihrou-di fhe find, a r.-J e ; ' v i ; 4 ■ ,0 ! I . ,M. *. 

fttiil l«i fhenr'.i'l vioj. Ilro.sk'i and riturr-f, Weo-' e,'o- 1 -io e >, f;.. j-.uih'. 

Aeiwe-I Jl.i f:e atlvaneeki fow-ard-i (iro.u'-e. 

It fiiay Im‘ oUierved here, lhal w he!.: iu Td 1 , I f. u u it es*.- | 

^ 4 *»j|rg 'ret|nii.|'-i| 4 o .it r, in. 

b 
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Wells cohered hy large Sfones, 


[B, 

Petra, tlie long lost capital of Edom, an intense interest was e: 
among the learned men of Europe, and several hastened to behol 
most extraordinary city of the world ; a city excavated out of the ] 
whose origin goes back to the times of Esau, the ‘father of Edom, 
which had for more than a thousand years, been completely lost t 
civilized world. But the natives swore, as in the times of Moses, 
should not enter their country, nor drink of their water, and they threa 
to shoot them like dogs, if they attempted it. It was with much did 
and danger, that Burckhardt at length succeeded in obtaining a gl: 
of this singular city. He was disguised as an Arab, and passed und^ 
name of Sheik Ibrahim. The difhculty and danger of a visit to 1 
is now however in a great measure removed by the present Pasha, 
hommed Ali. 

Prom the custom of concealing many ancient wells, we learn tl 
portant fact, that machines for raising the water could not have bei 
tacked to, or permanently placed near them. As these, as well as 
or parapets projecting above the ground, would have betrayed to 
mies and strangers their location. When the woman at Bahurim sec 
David’s spies in the well belonging to her house, and “ spread a co’v 
over the well’s mouth, and spread ground corn thereon;” 2 Sam. xv 
her device could not have succeeded, if a curb had enclosed its n 
or if any permanent machine had been erected to raise the water frc 
as these would have indicated the well to the soldiers of Absalom, 
would certainly have examined it, because wells were frequently 
as hiding places in those days. There is a tradition in Persia that o 
the Armenian patriarchs, was concealed several years in a well, d 
the persecution of the Christians under Dioclesian and Maximinian 
was ‘ privately relieved by the daily charity of a poor godly wo 
Fryer, 271. 

When Ali the fourth Caliph of the Arabians, marched with i 
thousand men into Syria, the army was in want of water. An old h< 
whose cell was near the camp, was applied to ; he said he knew bi 
one Sistern, which might contain two or three buckets of water. 
Caliph replied that the andeni patriarchs had dug wells in that neig 
hood. The hermit said there was a tradition of a well whose moutl 
closed by a stone of an enormous size, but no person knew where it 
Ali caused his men to dig in a spot which he pointed out, and not fai 
the surface, the mouth of the well was found.®- 

Where wells were too well known to be concealed, as those i 
neighborhood of towns, villages, &:c. they were sometimes secure 
large stones placed over them, which required the combined str 
of several persons to remove. ‘ A great stone was upon the well’s ra 
and they rolled the stone from the well’s mouth and watered the s 
and put the stone again upon the well’s mouth.’ Gen. xxix, 2, 3. Tlr 
hommedans have a tradition that the well at' which Moses watere 
flocks of his father-in-law, was covered by a stone which required sc 
men to remove it. It is indeed obvious large stones only could have 
used, for small ones could not extend across the wells, which wer 
quently of large diameter. Jacob’s well is nine feet across, and 
were larger The curb round the well Zemzem at Mecca, is ten j 
diameter. “ Another time we passed an ancient well,” says Lindsay 
10, “ in an excursion from Jerusalem to Jericho and the Dead Se 
mouth sealed with a larsfe stone, with a hole in the centre, throusrh ^ 
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we tlirow a but there wun uu \vuf«u% jiuil we i-ibtrulii 

gorry had there been any, for tna* ifuded .siitftiifk eiuild liMt li.iw rfinuvnl 

tlie Heal.” 

NetwitlniluncHni^ the preeiintlttiei u^'ed, nliepherd*! xvt'rt- nffm « i*er-rfr“d 
in fraudulently wateriiuf tlieir lh»ekH at rhtur nriehbMr-i' pnnr-hi 

wlne.h, /er,7a* were umhI !♦» aeeure the? mven. f..» i.i^ 

imed till nanust tlme'U |VL (Uiardin iiutleed ihein m rirvr'r*'j.l p.u'f'j i*!’ A -.ei,. 
TIh‘ well.H a,t Sui^z, aeeortiiie,^ to Niebuhr, are aurniuijib-d a -er e„ ‘ 
wall te lvi*i*p tMit the Arabn, utul entered by a di»!U* * feUe!!*.-*! visfli 
liuaiH cdainpH nf irtui.’' In <«r4‘eee m in A^ia, cletHe \%h«t 

water. When d'htuniHr«»eb‘a duriiet hia bainahiiieni waa in h*' mK- 

gerved in the temple of C’ybeh* a femalt? hiture of braei, rilled * 
jdiorus'* er Waft*r Beart'r, %vhieh lie htneadf hati eauHe«i tr* be iimU* ;ui4 
dtubeatetl fiut (tf t\n • Jinrx of aueli un had sttdrn the %i'afei% i<r il/e. le, !«-t| 
Htreani.^ One t»f tin* Clreek <unper»»rrs of (h»i}?4fiinfinnp|e rinm*.,! .-ei rd;r* 
A. I). 404, iniptiHiiiit a fintMtf a ptmml. of i^dd for t^%*rry tmm-r i»f waier 
HurreptitiouHly mken from the reHervoira.** And a more iitresiuii niler re> 
marked tliat imftrM are gweetd Broverba, I’i, Vh dli*^ iinrieiil 

Peruviiin.-i hu.d a Hlrnilar law, 

(hirba or parapefn wen* peneiadly plaeed r»>und thr’ nnmrlii of in 

thee/ViV.tof Cireeet* and Rome, ua aippeari from many tifrlisen pre-irri'e*! to 
the present time, UH well as f!i4'»:;e thseoveret! in B»»mpe.4an/i I l«"'i'eni:4nr'Usri. 
Idle et'lebrafed mos.-iie pav«-inenf at I*rene-ae, fhc i .if eej 

of an aneitmt vvtdl ; l»y“ siune aufhitr-4 'mp|utM-,i f.i b«' ff;»' !‘e'.,;, < j'- -• ee r. a 

of HeHupolis. Monflaue«»u ami Hr. Shav. have .'ivr'U a *',4;:,- - a';* | 

eurh is repres-enfisl ai fahlt ‘d’btaelv *u’ tan '-.tMU*’, t bob'; nt-rr ' ab v 

massi\'e eylinders of marlde and inii’Ulv fermrd of o.3?r h^ii 

rime:5 ttf tw*u eram|a'd ftt.'.'efher With irmi. ‘I'heir e^feriMr s r 
rtnuni altars. Tlneie t4' the < J reeks were oririmeisled w-ifh inf-lilv 
aeulptures and Were about twenty inehes !u|,dn iloinan rvo-ln^ ui-re |,fe- 
nmailly plain, but i»ne haa bet*n fouinl sn tln^ «irrri of ibi’ %ter«' .nnes ai 
Ihunpeii, !»i*aiitiful!y tiriiitmentiHl %%dlh Iriiflyph^. To ihe'je r’lrlei 
appeura to allud** : 


Ctli! t'niw ffiiirlt ftiarn tlr»ttiuilv «lnntl 4 w*-? i 
Tn timn^ku that rmui*! tli»i a|.rai4.;f. 

Were It unil iiiariimrit walk \tn 

Awl itiil a warble near the ?*|a»l h*u»i m^iai. -h.i? ue lie UaMam 


That Roman welln were |, generally profened bv emi»i, aooee, iV<»m 
a remark t>i the i*l(.Ier Pliny? ** at ttieb*s fh*^ loimj.on imf 

Hmudes, is enehruni about Hke a Well/* fl. n, *tv. |lr..Sh,a^ j.,. 


Vera! bomaii wells wuhrorridors round, and eupulus 
parrs otAl.itirir.o.;.i. Tmv. .\|r. Ib»dwel| d»-»-nbrs fl..- r- h 

a C s«rhir!ii,t.u well, ion fi;,^ures of dii mif jes *s4rv»-d .01 j?. ;S .. 

rations he says uere eMimnon to the sas-red welJ.-i of Ureere. 

Ill v.inoijs parts t*t A-a-i am! Iai.pVfU, fho liuesi eoluiims i.. 
keii jif}f| III 4 !< IS I o?if lo si'i'Vi'? as r’-iii'li’s Im ^ and m s- 

till* t iipiftii.f r*t ripfiUldld sljatl.s SUay III* ••tl'iUl apl'U'opiaitltid f'?s * : : •■ 
pose. Ahhoiis'h fiUt’h srones ai'o atiyilsure but pfesssni e-. 
tmvider, fill* pre'-.or** st;i »u **! valuable fr.it^iinuifa jU’ • 

rured by iuid suinlar a|ipise-ataiin «*f llioiii. d's^'v < • v-- 

mibjerr fo as rarbs of welf-s fL-iu e/',.- ' 

line t basiifhisn I- tpa.d of ParNu m ir}4*\ !e, ,.o.v 

Ar/.i*W, * as a bair'k. for H f sa»‘ksiiioh*s * 4*:;- ov . ‘*'n -b* 
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Description of andmt Wells, 


[Book 1 


CHAPTER VII. 

Wells concluded: Description of Jacob’s well— Of Zemzem in Blecca— Of Joseph’s well at Cairo— 
Reflections on wells— Oldest monuments extant— Wells atElim— Bethlehem— Cos— Scyros— Heliopolis 
—Persepolis— Jerusalem— Troy— Ephesus— Tadmor—Mizra— Sarcophagi employed as watering troughs 
•—Stone coffin of Richard III used as one— Ancient American wells— Indicate the existence in past times 
of a more refined people than the present red men— Their examination desirable— Might furnish (like 
the wells a.t Athens,) important data of former ages. • 

A description of some celebrated wells may here be inserted, as we 
shall have occasion to refer to them hereafter. Jacob's well, is one of 
the most ancient and interesting. Through a period of thirty-five cen- 
turies it has been used by that patriarchs descendants, and distinguished 
by his name. This well is, as every reader of scripture knows, near Sy- 
char, the ancient Sliecliem, on the road to Jerusalem, and has been visited 
by pilgrims in all ages. Long before the Christian era, it was greatly re- 
vexed, and subsequently it has been celebrated on account of the inter- 
view which the Savior had with the woman of Samaria near it. Its lo- 
cation according to Dr. Clarke is so distinctly marked by the Evangelist, 
and so little liable to uncertainty from the circumstances of the well itself, 
and the features of the country, that if no tradition existed for its identity, 
the site of it could hardly be mistaken. 

The date of its construction may, for aught that is known to the con- 
trary, extend far beyond the times of Jacob; for we are not informed that 
it was digged by him. As it is on land which he purchased for a residence, 

of the sons of Hamor the father of Shechem,^^ and was in the vicinity 
of a Canaanitish town; it 7nay have been constructed by the formex 
owners of the soil, and probably was so. The woman of Samaria when 
conversing with the Savior respecting it, asks ‘ Art thou greater than our 
father Jacob who gave us the well, and drank thereof himself, his children 
and cattle'!’’ John, iv, 12. She does not say he dug it. This famous 
well is one hundred and Jive feet deep, and nine feet in diameter, and when 
Maundrell visited it, it contained fifteen feet of water. Its great an- 
tiquity will not appear very extraordinary, if we reflect that it is bored 
thi-ough the solid rock, and therefore could not be destroyed, except bjy 
an earthquake or some other convulsion of nature ; indeed wells of this 
description, are the most durable of all man’s labors, and may, for aught 
we know, last as long as the world itself. 

The well Zemzem at Mecca, may be regarded as another very ancient 
one. It is considered by Mahometans one of the three holiest things in 
the world, and as the source whence the great progenitor of the Arabs 
was refreshed when he and his mother left his father’s house. She saw 
a well of water, and she went and filled the bottle with water and gave 
the lad to drink.” Gen. xxi, 19. This well, the Caaba and the black 
stone,®- were connected with the idolatry of the ancient Arabs, centuries 
before the time of Mahomet. The Caaba is said to have been built by 
Abraham and Ishmael, and it is certain that their names have been con- 
nected with it from the remotest ages. Diodorus Siculus, mentions it as 


«• This stone like those of the Hindoos and the one mentioned in Acts, xix, “fell 
down from heaven” and is probably a meteorite. 
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being held in great veneration by the Arabs in his time. [50, B. C.] The 
ceremonies still performed, of “ encircling the Caaba seven times, kissing 
the black stone, and drinking of the water of the well Zemzem,” by the 
pilgrims, were practices of the ancient idolaters, and which Mahomet, as an 
adroit politician, incorporated into his system, when unable to repress 
them. The conduct of the pilgrims when approaching this well and 
drinking of its water, has direct reference to that of Hagar, and to her 
feelings when searching for water to preserve the life of her expiring 
son. 

If we reflect on the infinite value of wells in Syria — on the jealous care 
with which they have always been preserved — -that while they afforded 
good water, they could never be lost — that Mecca is one of the most an- 
cient cities of the world, the supposed Mesa of the scriptures, Gen. x, 30, 
— and that this well is the only one in the city, whose waters can be 
drunk : — we cannot but admit the possibility at least, that it is the identi- 
cal one, as 'the Arabs contend, of whose waters, Ishmael and his mother 
partook. 

We are not aware that any modern author has had an opportunity of 
closely examining it 5 it being death for a Christian to enter the Caaba. 
Burckhardt visited the .temple in the disguise of a pilgrim, but we believe 
he had not an opportunity to ascertain any particulars relating to its depth, 
&c. Purchas, quoting Barthema, who visited Mecca in 1503, says it is 
three score and ten yards deepe,’’ [210 feet,] “ thereat stand sixe or 
eight men, appointed to draw water for the people, who after their seven- 
fold ceremonie come to the brinke,” &c. Pil. p. 306. In Crichton’s His- 
tory of Arabia, Ed. 1833. Vol. ii, 218, this well is said to be fifty-six feet 
to the surface of the water. The curb is of fine white marble, five feet 
high, and seven feet eight inches in its interior diameter. In the 317th year of 
the Hegira, the Karmatians slew seventeen thousand pilgrims within the cir- 
cumference of the Caaba, and filled this famous well with the dead bo- 
dies,* — they also carried ofiT the Black Stone. 

Joseph’s well. — The most remarkable well ever made by man, is Jo- 
seph’s well at Cairo.. Its magnitude, and the skill displayed in its con- 
struction, which is perfectly unique, have never ' been surpassed. All 
travelers have spoken of it with admiration. 

This stupendous well is an oblong square, twenty-four feet by eighteen ; 
being sufficiently capacious to admit within its mouth a moderate sized 
house. It is excavated (of these dimensions,) through solid rock to the 
depth of one hundred and sixty-five feet where it is enlarged into a capa- 
cious chamber, in the bottom of which is formed a basin or reservoir, to 
receive the water raised from heloWy (for this chamber is not the bottom 
of the well.) On one side of the reservoir another shaft is continued, one 
hundred and thirty feet lower, where it emerges through the rock into a 
bed of gravel, in which the water is found. The whole depth, being two 
hundred and ninety-seven feet. The lower shaft is not in the same ver- 
tical line with the upper one, nor is it so large, being fifteen feet by 
nine. As the water is first raised into the basin, by means of ma- 
chinery propelled by horses or oxen within the chmnher, it may be 
asked, how are these animals conveyed to that depth in this tremendous 
pit, and by what means do they ascend % It is the solution of this prob- 
lem that renders Joseph’s well so peculiarly interesting, and which indi- 
cates an advanced state of the arts, at the period of its construction. 

A spiral passage-way is cut through the rock, from the surface of the 



Josephs Well, 


asses or mules. It is six feet i 
dies wide, and seven feet two 
high. Between it and the inte] 
the well, a wall of rock is left, 
vent persons falling into, or evei 
ing down it, (which in some cases 
be equally fatal,) except through 
openings or windows, by means of 
it is faintly lighted from the inte: 
the well : by this passage the ? 
descend, which drive the machine 
raises the water from the lowe 
into the reservoir or basin, from 
it is again elevated by similar mac 
and other oxen on the surface 
ground. See figure.. In the lower 
path is also cut down to the water, 
no partition is left between it and tl 
it is extremely perilous for stran 
descend. 

The square openings rejDreser 
each side of the upper shaft, a 
tions of the spiral passage, and i 
zag lines indicate its direction 
wheels at the top carry endless 
the lower parts of which reach 
to the water ; to these, earthenw 
ses are secured by ligatures, see 
at equal distances through the w' 
their length, so that when the ma 
is moved, these vessels ascend 
water on one side of the whee 
charge it into troughs as they pai 
them and descend in an inveri 
sition on the other. For a furtl 
scription of this apparatus, see th 
ter on the chain of pots. 

This celebrated. production of 
times, it will be perceived, resen 
enormous hollow screw, the cei 
which forms the well, and the th: 
winding stair-case round it. T 
of granite a flight of “ geometri 
“ well stairs,” two or three hundi 
high, on the surface of the j 
would require' extraordinary si 
though in the execution, every a 
rules, measures, and the light 
would guide the workmen at eve; 


but to begin such a work at t 


and construct it doiomvards by ^ 
tion alone, in the dark bowels 
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seph’s well, tlie partition of rock between* the pit and tbe passage-way, 
and the uniform inclination of the latter, seem to have been ascertained 
with equal precision, as if the whole had been constructed of cut stone on 
the surface. Was the pit, or the passage, formed first; or were they simul- 
taneously carried on, and the excavated masses from both borne up the 
latter ] The extreme thinness of the partition wall, excited tlie astonish- 
ment of M. Jomard, whose account of the well is inserted in the second 
volume of Memoirs in Napoleon’s great Work on Egypt, part 2nd, p. 
691. It is, according to him, but sixteen centimetres thick, [about six in- 
ches!] He justly remarks that it must have required singular care to 
leave and preserve so small a portion while excavating the rock from both 
sides of it. It would seem no stronger in proportion, than sheets of 
pasteboard placed on edge, to support one end of the stairs of a modern 
built house, for it should be borne in mind, that the massive roof of the spiral 
passage next the well, has nothing but this film of rock to support it, 
or to prevent such portions from falling, as are loosened by fissures, or 
such, as from changes in the direction of the strata, are not firmly united 
to the general mass. But this is not all : thin and insufficient as it may 
seem, the bold designer has pierced it through its whole extent with semi- 
circular openings, to admit light from the well : those on one side are 
shown in the figure. 

Opinions respecting the date of this well are exceedingly various. Po- 
cocke thought it was built by a vizier named Joseph, eight hundred years 
ago ; other authorities more generally attrilnitc it to Saladin, the intrepid 
defender of his country against the hordes of European savages, who, un- 
der the name of crusaders, spread rapine and carnage through his laud. 
His name was Yussef, [Joseph.] By the common people of Egypt, it 
has long been ascribed to the patriarch of that name, and their traditions 
are often well-founded ; of which we shall give an example in tho ac- 
count of the Swa^e, Van Sleb, who visited Egypt several times in the 
17th century, says, some of the people in his time, thought it was digged 
by spirits, and he adds, “ I am almost inclined to believe it, for I cannot 
conceive how man can compass so wonderful a work.”® This mode of 
accounting for ancient works is common among ignorant ])C‘ople, and may 
be considered as proof of their great antiquity. l)r. Robertson, in speak- 
ing of ancient monuments in India, remarks that they are of siudi liigh 
antiquity, that as the natives cannot, either from history or tradition, give 
any information concerning the time in which they were executed, tliey 
universally ascribe the formation of them to superior beings.^ Some wri- 
ters believe this well to have been tho work of a more scientific people 
than any of the comparatively modern possessors of Egypt — in other 
words, they think it the production of the same people that built tlie py- 
ramids and the unrivalled monuments of Thebes, Dendarah atul Ehsarn- 
boul. Lastly, Cairo is supposed by others, to occupy the site of Lgyi>- 
tian Babylon, and this well is considered by them, one of tho remains of 
that ancient city. Amidst this variety of opinions respecting its origin, it 
is certain, that it is every way worthy of the ancient mechanics of Egypt; 
and in its magnitude exhibits one of the prominent feature.s which cha- 
racterize all their known productions. * 

Why was this celebrated well made oblong'? Its designer had cer- 
tainly his reasons for it. May not this form have been intended to en- 
lighten more perfectly the interior, by sooner receiving and retaining 
longer the rays of the sunl To what point of the compass its longest 


•The present state of Egypt, by F. Van Sleb. Lon. 1G78. p. 248. ^India, Appendix 
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sides coincide, has not, that we are aware of, been recorded. Should t 
prove to be in the direction of the rising and setting sun, the reason s 
gested, may possibly be the true one. 

In Ogilvy’s Africa, it is remarked that at the last city to the south 
Egypt, “ is a deep well, into whose bosom the sun shines at noon, w] 
he passes to and again through the northern signs.” p. 99. This is 
same well that Strabo mentions at Syene, which marked the summer , 
stice — the day was known, when the style of the sun dial cast no shad( 
noon, and the vertical sun darted his rays to the bottom of the well, 
was at Syene, that Eratosthenes, 220 JB. C. made the first attempt 
measure the circumference of the earth — and to the same city, the p 
Juvenal was banished. 


REFLECTIONS ON ANCIENT WELLS. 

Before leaving this part of the subject, it may be remarked that 
cient wells are of vei*y high interest, inasmuch as many of them are 
only memorials, that have come down to us, of the early inhabitants 
the world; and they differ from almost all other monuments of mar 
former times ; not only in their origin, design, and duration, but above 
in their utility. In this respect, no barren monument, of whate 
magnitude or material, which ambition, vanity, or power, has erected 
the expense of the labor and lives of the oppressed, can ever be cc 
pared with them. Such monuments are, with few exceptions, proofs c 
people’s sufferings; and were generally erected to the basest of our s 
cies: whereas ancient wells have, through the long series of past a^ 
continually alleviated human woe ; and have furnished man with one 
nature’s best gifts without the least alloy. 

It would almost appear, as if the divine Being had established a k 
by which works of pure beneficence and real utility should endure aim 
for ever; while those of mere magnificence, however elaborately c 
structed, should in time pass away. The temple of Solomon — his gol< 
house, ivory palaces, and splendid gardens are wholly gone ; but the p] 
cisterns, which he built to supply his people with water, remain almosi 
perfect as ever. Thus the pride of man is punished by a law, to wh 
the most favored of mortals formed no exception. 

An additional interest is attached to several wells and fountains of 
old world, from the frequent allusion to them in the Scriptures, and 
the classical writers of Greece and Borne. In addition to those alre£ 
named, the following may be noticed. When the Israelites left Eg} 
they came to Elim, where were twelve wells of water, and three sc 
and ten palm trees.” Now the Grove of Elim yet flourishes; and 
fountains have neither increased nor diminished, since the Israeli 
encamped by them.® Modern travelers in Palestine often allay tl 
thirst at the well which belonged to the birth jflace of David, the "Vi 
of Bethlehem,” whose waters he so greatly preferred to all others. 1 
inhabitants of Cos, drink of the same spring which Plippocrates U! 
twenty-three hundred years ago; and their ti-aditions still connect it v 
his name. The nymphs of Sci/ros, another island in the Egean, in 
early ages assembled at a certain Tountain to draw water for domei 
uses. This fountain, says Dr. Clarke, exists in its original state ; anc 
still the same rendezvous as formerly, of love or of gallantry, of gosi 
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ping and tale telling. Young women may be seen coming from it in 
groups, and singing, with vases on their heads, precisely as represented 
on ancient marbles. It was at Scyros where young Achilles was concealed 
to prevent his going to the Trojan war. He was placed among, and habited 
like, the daughters of Lycomedes; but Ulysses adroitly discovered him, 
by offering for sale, in the disguise of a pedler, a fine suit. of armor, among 
trinkets for women. 

Heliopolis, the city of the Sun, the On of G-enesis, of which Joseph’s 
father-in-law was governor and priest, and whose inhabitants, according 
to Herodotus, (ii. 3.) were the most ingenious of all the Egyptians, and 
where the philosophers of Greece assembled to acquire “the wisdom of 
Egypt,” w'as famous for its fountain of excellent water: — this fountain, 
with a solitary obelisk, is all that remains to point out the place where 
that splendid city stood. 

Aqueducts, fountains, cisterns and wells, are in numerous instances the 
only remains of some of the most celebrated cities of the ancient world. 
Of Heliopolis, Syene and Babylon in Egypt; of Tyre,. Sidon, Palmyra, 
Nineveh, Carthage, Utica, Barca, and many others; and when, in the course 
of future ages, the remaining portals and columns of Persepolis are 
entirely decayed, and its sculptures crumbled to dust : its cisterns and 
and aqueduct (both hewn out of the rock) will serve to excite the curi- 
osity of future antiquaries, when every other monument of the city to 
which they belonged has perished. The features of nature, says Dr. 
Clarke, continue the same, though works of art may be done away: the 
^beautiful gate’ of the Jerusalem temple is no more, but Siloah’‘s Foun- 
tain still flows, and Kedron yet murmurs in the Valley of Jehoshaphat. 
According to Chateaubriand, the Pool of Bethesda, a reservoir, one hun- 
dred and fifty feet by forty, constructed of large stones cramped with 
iron, and lined with flints embedded in cement, is the only specimen re- 
maining of the ancient architecture of that city. 

Ephesus, too, is no more; and the temple of Diana, that according to 
Pliny was 220 years in building, and upon which was lavished the talent 
and treasure of the east; the pride of all Asia, and one of the wonders 
of the world, has vanished; while the fountains which furnished the citi- 
zens with water, remain as fresh and perfect as ever. , And as a tremen- 
dous satire on all human grandeur, it may be remarked, that a few solitary 
marble sarcophagi, which once enclosed the mighty dead of Ephesus, 
have been preserved — but as watering troughs for cattle Cisterns have 
been discovered in the oldest citadels of Greece. The fountains of 
Bounarbashi are perhaps the only objects remaining, that can be relied on, 
in locating tbe palace of Priam and the site of ancient Troy. And the 
well near the outer walls of the temple of the sun at Palmyra, will, in 
all probability, furnish men with water, when other relics of Tadmor in 
the wilderness have disappeared.^ 

To conclude, a great number of the wells of the ancient world still 
supply man with water, although their history generally, is lost in the 
night of time. 

* Mf . Addison, in his journey southward from Damascus, says the fountain at Nazcray 
in Gallilee, ^‘tricldes from a spout into a marble trough, which appears to have beem 
an ancient sarcophagus.’^ And close by the well at Mizra, he observed fragments of an- 
other, which had been used fora similar purpose. We may add, that Speed, the old 
English historian, remarks that the stone coffin of Richard 3d, “ is now made a drinking 
trough for horses at a common Inn.” Edition of 1615, p. 737. 

*»Lord Lindsay’s Letters, (10-)— Phil. Trans, Lowthorp’s Abridg. iii, 490. 
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ANCIENT AMERICAN WELLS. 

As wells are among the most ancient of man’s labors, that a 
in the old world, might we not expect to find some on these c 
relics of those races, who, in the unknown depths of time, are 
to have cultivated the arts of civilization here h We might: and 
that among the proofs that a populous and much more enlighten( 
than the Indians have ever been, were at one time the possessor 
rica, ancient wells hdive been adduced. ‘‘From the highest po 
Ohio, says Mr. T. Flint, to where I am now writing (St. Charh 
Missouri) and far up the upper Mississippi and Missouri, the 
country is explored and peopled, and the more its surface is p( 
not only are there more mounds brought to view, but more inc 
marks of a numerous population. Wells, artificially wai 
ferent structures of convenience or defence, have heen found in ; 
hers, as no longer to excite curiosity ^ 

But American antiquities were so novel, so unlooked for, anc 
lated from those of the old world, that learned men were gn 
plexed at their appearance ; and at a loss to account for their orig 
is still, in a great measure, the case. A mystery, hitherto impi 
hangs over the primeval inhabitants of these continents. Who tl 
and whence they came, are problems that have hitherto defied i 
s.e^irches of antiquarians. Nothing, perhaps, but the increasing 
tion of the soil, and excavations which civilization induces, will e 
determine the question, whether these antiquities are to be atti 
European settlers of the sixteenth century; to the enterprising i 
vians, the North Men, who, centui'ies before the voyages of Coin 
the Cabots, visited the shores of New England, New Yorl 
Jerseys; or w;hether some of them did not belong to an indie 
Cuthite race, who inhabited those prolific regions, in times 
mastodon and mammoth and megalonix were yet in the land. 

No one can reflect on the myriads of our species who have 
this half of the globe — perhaps from times anterior to the flood- 
longing to know something of their history ; of their physical 
lectual condition ; their languages, manners and arts ; of the rc 
through which they passed ; and especially of those circumstarn 
caused them to disappear before the progenitors of the present 
The subject is one of the most interesting that ever exercised tl 
mind. It is calculated to excite the most thrilling sensations 
have often expressed our surprise, that one of the rnost obvious 
mising sources of information has never been sufficiently inv( 
we allude to ancient wells, a close examination of lohicli, migh 
discoveries equally interesting, and far more important, than the 
resulted from a similar examination of Grecian wells. Dr. Cla 
4hat “Vases of Terra Cotta, of the highest antiquity, have been 
cleansing the wells of Athens.”*^ 

Some persons may perhaps suppose the old wells in the wesi 
of this continent, to be the work of Indians ; but these people In 
been known to make any thing like a regular well. Mr. Catlin, 


^ A Roman well was discovered in the seventeenth century, near the 
.which .leads to Carlisle, in England. Instead of being walled up with st( 
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who spent eight years among those on the upper waters of the Missis- 
sippi and Missouri, and another gentleman who had long been east of the 
Rocky mountains, among the Flat Heads, and other tribes towards the 
Pacific, both inform us that the wild and untutored Indians never have 
recourse to wells. They in fact have no need of them, as their villages 
are invariably located on the borders or vicinity of rivers. In some cases 
of suffering from thirst while traveling, they, in common with other sava- 
ges, sometimes scrape a hole in sand or wet soil, to obtain a temporary 
supply. 


CHAPTER VIIJ. 

Ancient methods of raising water from wells: Inclined pianos — Stairs within wells : In Mesopotamia 
—Abyssinia — Hindostaii — ^Persia — Judoa — Greece — ^Thrace — England — Cord, and bucket: Used at Ja- 
cob's well — by the patriarchs — ^Mahomet — In Palestine — India — Alexandria — Arabian Vi/.ior drawing wa- 
ter — Gaza — ^Herculaneum and Pompeii— W ells within the houses of the latter city — Aleppo— Tyro— 
Carthage— Cleanthes the < Well Drawer’ of Athens, and successor of Zeno— Dcmocrittis— Plautus— As- 
clepiadoB and Mcnedemus — Cistern pole — Roman cisterns and cement — Ancient modes of purifying 
water. 

We are now to examine the modes practised by the ancients, in ob- 
taining water from wells. When the first simple excavations became so 
far deepened, that the water could no longer bo reached by a vessel in 
the hand, some mode of readily procuring it under such circumstances 
would soon be devised. In all cases of moderate depth, the most simple 
and efficient, was to form an inclined plane or passage, from the surface 
of the ground to that of the water ; a device by which the principal ad- 
vatages of an open spring on the surface were retained, and one by wliich 
domestic animals could procure water for themselves without the aid or 
attendance of man. There is reason to believe that this was one of the 
primitive methods of obtaining* the liquid, when it was hut a eliort dis- 
tance below the surface of the ground ; and was most likely imperce|)- 
tibly introduced by the gradual deepening of, or enlarging the cavities of 
natural springs, or artificial excavations. 

But when in process of time, these became too deep for exterior pas- 
sages of this kind to be convenient or practicable, the wells themselves 
were enlarged, and stairs or steps for descending to the water, constructed 
witMn them. The circumstances recorded in Grenesis, xxiv, induce ub to 
believe that the well at which Eliezer, the steward of Abraham, met Ro 
bccca, was one of these. When the former arrived at Nahor, he ma.d<' 
his camels “ to kneel down without the city by a well of waU;r, at tlu^ 
time of the evening that women go out to draw water: and Rehec.c.a 
came out with her pitcher upon her shoulder — and she went dofni t(.) tiu* 
well, and filled her pitcher and came Had any machine bmjn attached 

to this well, to raise its water, or had a vessel suspended to a cord 
used, she could have had no occasion to descend. It tlienjfort? iippear's 
that the liquid was obtained by immersing the pitcher in it, and in ordtir 
to do this, the persons ‘ vmnt down^ to thcj water. That tins well was 
not deep, may be inferred from the fact that Rebecca drew water suffi- 
cient to quench the thirst of ten camels, for it is said, she supplied thenn, 
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luotierately deep, and one wliicli under all circumstances was ; 
performance ; ior these animals take a prodigious quantity o 
a time, sufficient to last them from ten to twenty days. Eli 
Well wonder at the ingenuous and benevolent disposition of lie 
every reatler of the account is e(i[ually surprised at his insensibi 
niitting to pt^rform the labor unaided by liimself or his attei 
Wtdls with stairs by which to descend to the water, are stil 
Tht" inhabitants of Arkidco in Abyssinia, are supplied with wat 
wells, whi<;h are twenty f<*et d<M‘p and fifteen in diameter. ' 
is cadlecttal and carritul up a hroken asemt by men, women and 
Fryer in his Travels in India, p. *110, speaks of “ deep wells in 
uiuler griumd with stiitvhj stone stairs^ Joseph's well in Eg^^ 
ther i^xuinph" of stairs both within and \vitliout. Bishop Heb(] 
one in Benun^.s, with a tow<*r over it, and a sleep flight of st 
semuliug to tlu' water.” Forrest, in his Tour along tlie Gan| 
Junniu, says, *^near the %'iHiige of F attehpore, is a large well, 
in circ.utnierence, with a broad stoiui staircase to descend to 
which might 1 h* about thirty feet.” Mr. Forbes, in his Orieiita 
remarks that ‘‘many of tiie (fU7//a‘nit wells, have stejis leading 
tlu‘ water; whih* others have not.” In a preceding page, wi 
piissagts from Ward's History of tlu^ Hindoos to the same c 
vernier, speaking of the scarcity of water in Persia, says, of 
have, a great many, and he d*‘scrib<‘s oiu^ with steps down to t 
Wt^ pusmui a large and well built tank, with two jUglits t 
iceiidtng into it, at th<^ t»pposittt angltts, pcmsibly the pool of Hel; 
Daviti hangtnl the murderers of fshbosheth.”^* The fountain 
reinlied by a th*scent of thirtp steeps cut in the solid rock. 
I'hc small quantity of water furnishtul by some wtdls, rend 
nciuif to it desirable, and benc<^ it was ofum collected as fast ns i 
by women wlm often wnitmf ftu' tliat purpose. “ That which ] 
mciM of all,” Raya Fryer, p, PitJ, ** was a sudden surprise,’ 
brouglit me to the wrong shle of a prt;tty sipiare tank or wtill, ' 
cif iloni! breaiit high*, when expecting to find it covered v 
kiiiktfig clowm ftvt! fathom diie|>, I saw a clutter womew, vmy 
mtiimg iliii dbtilUng of the uniter from its dewy sides, which 
in jars. It isi cut out of a blat'k iniirblt* rock, uj) almost to tlr 
broad Hiiqm fo /fo Joie/i. Mr. Addison in his * Journey South 
iJiiinasciis,* .says, ‘*111 the fountain near D’jimnetm, tln^ womtuj 
hitmk m ladles to fill their pitchers. This s<*,arclty of watc‘r, ai 
tier f>f sciaipiiig it up in sruali (|uanutii*s, are refitrrc'd to, by I 
atiil profaiH^ mithors, Thity came to tlio pits ami found no ’ 
relumed witfi tlieir vessels lunpty.” Jer. xiv, 3. ** There si 
fmind of it a sherd, (a |M»tter*s vessed,] to take fire from the la 
liikii WMer out of tin* pit, is, to seoop it up^ \vhen too 
m vmt* or pitidan* in it. Isaiiili, iii, 14. 8t. PeOu* spes 

* wiihciiit water/ uiid liosea, of ‘ ibii mains dried up.' 

Th« wiii«r fiyiiipk# Intnmu ihcir <aii|ity unw.” Oml, Ma, li, 27 
The iiihabiliintH of I/ibyin wlie-rc* the \vc,dls often contain li 
*' draw it out in iiule buckets, madi* of the* shank bones of the 
Wells with RlttirR are not. only of very rmnote origin, but il 
ffi liiivt* umal by aU tlo! nations of antiquity. I hey wr*] 
th« tlretAji itiiil lliMiiitiis « The we.ll mmitbmal by Pi, 
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wHcli we liave spoken in a previous chapter, has steps which lead down 
to the water.^ The well for the purification of worshippers, in the tem- 
ple of Isis, in Pompeii, has a descent by steps to the water.*^ The wells 
of Thrace, had generally a cohered flight of steps.^ ’ Ancient wells of 
similar construction are still to be seen in various parts of Europe. There 
is one near Hempstead, Eng. for the protection of which, an act of par- 
liament was passed in the reign of Henry VIII. 

Such wells, probably gave rise to the beautiful circular stairs so com- 
mon in old towers, and still known, as ‘ well stairs.’ 

In Galveston, (Texas,) and other parts of America, where there are no 
springs, cisterns are sunk in the sand between hillocks, into which the 
surface water drains, and steps are formed to lead down to it. 


CORD AND BUCKET. 



No. 8. Modern Greek female drawing water. 



No. 9. From a manuscript of the 12th century. 


However old and numerous wells with stairs within them may be, 
most of the ancient ones were constructed without them ; hence the ne- 
cessity of some mode of raising the water. From the earliest ages, a 
vessel suspended to a cord, has been used by all nations — a device more 
simple and more extensively employed than any other, and one which was 
undoubtedly the gei-ni of the most useful hydraulic machines of the an- 
cients, as the chain of pots, chain pump, &c. That a cord and bucket 
were used to raise water from Jacob’s well, nineteen centuries ago, is 
evident from the account of the interview, which the Savior had with the 
woman of Samaria at it. Then cometh he to a city of Samaria, called 
Sichar ; now Jacob’s well was there, and Jesus being wearied sat on the 
well ; and there cometh a woman of Samaria to draw water ; J esus saith 
unto her, give me to drink.” Had any machine been attached to this well 
at that time, by which a traveler or stranger could raise it, he could have 
procured it for himself ; and as he was thirsty, he probably would have 
done so, without waiting for any one to draw it for him ; but the reason 
why he did not, is subsequently explained by the woman herself; who, 
in replying to one of his remarks, the meaning of which she misappre- 
hended, said Sir, thou hast nothing to draio with, and the well is deep.” 
This well, as already remarked, is one hundred and five feet deep. Hence 
at that period every one carried the means of raising the water with him. 
No. 9. of the illustrations, is a representation of the woman of Samaria 
drawing water. It is from a Greek illuminated manuscript of the 12tli 
century, from D’Agincourt’s Storia Dell’ Arte. 

It is still the general practice in the east, for any one, who goes to 


“For. Top. 196. Pompeii, i, 277. cHydraulia, 166. 
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<iraw water, to carry a vessel and cord with liirn, a custom tvHc 
dotd>t, has prevailed there since tlie patriarchal ages. This 
o|>inio!i of Malunnet, wliose testimony on such a subject is unes 
hie. was an Arab — a people who pride themselves on the ■ 
tiou of the cuistoius of tluur celebrated ancestors, Abraliam, Ishi 
Joh. In his account of doseplds deUveraiicc from the pit, into ' 
brethnni had <‘ast him, (aiul which many commentators helie^ 
well, which tit the timt^ contained little or no water,) he says : 
tniveh‘rs ctim(‘, tind s(‘nt om* to drtuv water, (wlio went to th< 
which Joseph wtis,) tind /tr Irf down his' kuc/erf.” &c. Ivoraii, 
'Phis account is piuJei'fly <amsistent with that of Moses. Josep' 
srems to have heli«*v<'<I it to be, a wtdl : “ Roubel took the lad 
him to a c’ord, tmd let him down gently into the pit, it had 
in itr Antlej. H. ii. 

At ll o’clock, {says Mr. Addison in his Jonrney Soufliu 
Ikimasms,"*) \vv OMh^ t<a a wcdl (in approaching Cana of Gal 
field, where an Arab was watering Ins goats. Then; was a 1 
trouidi i»y the sidt* of tho wtdl, and this was filled with water 
of a leath<*rn bucket attacJied to a ropi% which the Arab carr 
wdh him, for the convenimtet^ of himself and his herds. It was 
a seeiic UH that descrilied in (nuu^sis : And Ixdiold a well in the 
lt», tliere three Ihicks of shet'p lying by it, for out of that 

wjilereii tlieir Hocks, and a gr<*at stone was upon tlie welfs 
Among tin* i‘ntiis of Mizra, in the great plain of Jesjrcel, the earn 
observes : ** Hurprisfu! at dit' ilesolatii asjxua of the sjuit, I rode 
rii'fvaiif to a well a few yards distant, wh(»re two solitary r 
wnteriijg tiieir e;oafs, by means of a Icathvni hnrkvt atfarhed U 
and di- 4 noimring, I sat on the stone at t.lu^ widl’s mouth.” M 
alter a re uthun'e i»f nmn^" yiuirs in Asia, said he “ did not rec( 
wt»lls tiirni'ihetl with lan'kers and ropi‘s for the convenimict) of i 
most trav«ders are ihm*eh»rt' provided with than ; and halcarrai 
pilirriiiH freipnmtiy cuirry a small brass |>ot alfixtul to a L 
|i.ir i\m jHirpose.” 

In ititciefit AloKaritlriii* whin*o tint arts were c/ultivated ai: 
tloiirblied to an exi<mt perltaps unmpialiol in any older city, v 
drawn up from the eisieriis, with which every house \yaa provi 
the Miiiiple eon! iiml bucket. IJiis city wois HuppHcsl with watei 
Nile: it wiH iidinitttHi into vaulted reservoirs or cisterns, wl 
ei»!e 4 rMrrefl at the time the founilutions of the city were laid by / 
IJiey were nulTu'WutU eapaejous to contain wattu* for a wholci y 
tilleil only nt the annual inundation of tlie river, through a canal 
fhe |Hir|»e‘ie. Apertures or well o|)eiiings, through which the ■ 
fiii^ed IViun ihe^ti* reM’rvoir*^, am still to be seiun ** W hol(Gin(*s 
jilfcets are iriii’eitbi#*,” {■•’.ayH bord Iiiiidiiii.y, I ravids, LtU.Uu* 2. 

ri^riiiTsng t'tw/'n io' xrrrn yoni-s : by whifth the contiguo 
long dnee erumiiltni awsty. dri'W water fruiri the vast cisterns v 
the wlitJe city wa.s uiiderinimal.” 

•i bvery hmisej* jiays R.idlifi» “ had an opening into its cist(*r 
iriouih of a well, thrmigli widtdi file water wan takmi up either 
or pifrhers.” It may la* Maid, this last quotation is not conclu 
fi tiori not indicate tlie manner in whicli the liucke^t was eim-a 
%%niidliris I a toillfw* I or bv the linnd alone 1 We Itave witisfi 
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nient aiul of tlie Intildings. In this manner the marble mouths of the 
vaulted reservoirs or elsterns are frequently l)rought to light ; St. Jolnf s 
hlgypt, V(»l. i. 8 : aiul they imniriahli/ oxliibit tracers' of the. ropes used for 
raising tlie wattu*. Grooves are found worn hi than, (by the ro|)es) to the 
depth of two inches, and such grooves are often nuint‘rouH in each curb or 
mouth. Dry W(dls a.re built over some of these, and coutimuHl to the 
levcd of* the pn'seut strtaUs. Througli them the inhabitants still draw 
water troiu tlui ancient reservoirs; and in thci same mainau* as it was 
raised from f!u*m wlum tht^ Ptolemies ruled ovcu' tlui land. A person in 
raising tln‘ biu'ket, stands at a short distance from the curb or mouth, and 
pulls tlu‘. rop<*. horl'/.ontally, or mnirly so, towards him. In this way, the 
rope; rutis aga'uist the top and inside of the curb, and in timt; wears deep 
gr{H>v(\s in it, such as an; hmnd in the ancitmt ones just rmuitionod. 
Sometimes, in ordt;r to a, void the friction, and consenpient loss of power 
and wiuir of th<; ropes, tiu; p<‘rson drawing woidd stand on the (;dge of the 
curb, HO a.H to kec‘p tin; c.ord eJear; but the practice is too perilous twer to 
luivt; btam general. It is, howev(U‘, practised occasionally by the 
Hindoos. 

Ill Makin, tht‘ Arabian Instorian, says that Modaeh, tin; Vi/der of Rhadi, 
wlio was deprivc;d of his right hand and his tongue, a.ud was confined in 
a iow(;r room of the palaxu;, wlnn-t* wa.s a widl ; a.nd having no pt;rson to 
attend him, he dn'W watt'r for hlmsidf, pulling tin*, rope with Ills hd’t hand, 
and stopping it with his teeth, till tin; l)u<‘k<‘t cann; within his rtsich.” 
This w;»s in tln‘ t(;nth (amtury. Martigny’s Iflstory of tin; Arabians, vol. 
iv. 7. Tin; wtdls on the roatl to (la/z/a., notic<‘d by Mr. Su;j>ln;ns, hail their 
upper surfeu's formed of marble, which he obs<n*v(;H hail many grooves 
(!ut in it, ** apparently being worn by tin; long continued ust; oi‘ ropes in 
drawing water,’' Ineidimts of Travel, vol. li, 102. 

That the same mode of raising it was atlopted in tin; piMie wells of th<« 
aucimit citii;s (d*(lnu*ee and Rom<% is evident from those of Ilerculammm 
and Pompt‘ii ; and from diseovm’ieis made in the latter (uty, it is obvious 
tluit it WHS practised in obtaining water from tlui widls and tfisU'rns of 
private homes. This is a vtny intt;resting fac.t in comn;<*tiou with our 
subject, as it shows conclusivtdy that tlu; pmnp, if used at all l)y the 'Ro- 
mans in their private houses, it was only to a vtny llmiti'd (;xt(;nt. In 
1834, Ixmidtm tlu'atres, laiths, t(;mph‘s and oth(;r pulilic buildings, t'lghty 
houses hail been disinterrml. Tln*.se wen; found to be almost uuifbrmly 
provided with cisterns, built undm* grmind ami (‘.enumtmi, for the colhmtlon 
of rain- w; Iter. Each of th(;se. has an opimiug, enclosed in a curb, through 
which the wator was drawn up. Tlu;se an; geinn'ally formed of a white 
calcareous stom*, (oi which are to he seen deep rhamiels, (Pomjmil, vol. i. 
88,) like thoHi* on the mouths of tin; Ah;xaudriau cisUnnw, a.iul producml 
from tin* sairu* ca,us(;— tin; friction of tin* n>pt‘s used in drawing t he waX(;r. 
I’ln* hypn;thrum, says Sir William (r(*ll, in his (h;H(;riptlon of tin; housi; 
of the I)iosc',uri, in this <;as(; servt;^! as a compluvium ; rt;c!(;iving tin; water 
which fell IViua tin; nnd*, and transmitting it to a resm'volr Indow, u» which 
titere is a marbh* mouth or [mteal, exhibiting the tract‘H of long use, in tin; 
furrows worn hp the ropes, by which the watisr was drawn u|). Pompei- 
mm, vol. ib 27. 

i'he great varh*ty of 'buildings to which wells and (‘.isti'ruH having their 
curbs i/iJis worn wen; at.ta.(in;d, show that this modi; of raising wati'r wtwi. 
nearly universal in Pom|)eii. The simple <;ord and Imekttf. was mpmlly 
uiietl in tin; palace of tin; (puestor, and the humbli; dwelling of the private 
citizen. It wits by them, tin; pric*sts tln;w wat.i;r for the uses of tfie 
temples, and initchanirs for various purposes in tin; arts. Bakers thus 
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raised water for tlieir kneading-trouglis, from cisterns or wells ur 
floor of tlieir shops. Three bakers’ shops, at least, have been fou 
all of them in a tolerable state of preservation : their mills, ovens, 
ing troughs, flour, loaves of bread, (with their quality, or the-’ 
names stamped on them,) leaven, vessels for containing water, and 
servoirs of the latter, &c. have been discovered, so as to leave 
nothing wanting to perfect our knowledge of this art among the ] 
It is probable that wells were not infrequent in the interior of the 
in Pompeii, for another one was discovered in the house of a 
man, as presumed from chirurgical instruments found in it.Q- 

The custom of Homan bakers having wells or cisterns with 
houses, continued to modern times. When the Royal Academy 
ences of France, undertook in the last century, the noble task 
lishing a detailed account of all the useful arts, with a view to tl 
versal diffusion and perpetuity — the baker is represented drawin| 
from a well, under the floor of his shop, and in a manner anah 
that practised by his predecessors of Pompeii^ London bakers i 
wells in their cellars, for the same purpose, and probably still ha^f 
to some extent. 

The inhabitants of the city of Aleppo, the metropolis of Syri 
water from their cisterns or subterraneous reservoirs, and also fro 
wells, with which ‘ almost every house’* was provided, with a c 
bucket, in the same manner as the Egyptians of Alexandria ; an^ 
the inhabitants of jSoor, which occupies the site of ancient Tyre, 
which contained in 1816, according to Mr. Buckingham, eight 1 
stone built houses, most of which, he observes, had wells. Ancii 
thage was built like Alexandria, upon cisterns — a common pra 
old. The modern inhabitants of Arzew, the ancient Arsenaria, as o 
by Dr. Shaw in his Travels, dwell in the old cisterns, as in so m 
vels; the water from which, was doubtless drawn in former times 
simple cord and bucket — the universal im/plements still used thr 
Egypt, Palestine, Syria, Asia Minor, Persia, Hindostan, and g 
through all the east. This primeval device for raising water, h 
used in all ages, and will doubtless continue to be so used, to the 
time. 

An interesting circumstance is recorded, respecting an individu 
from his occupation in ancient Athens, was named the ^Well-I 
which may here be noticed. This was Cleanthes, a native of Ly 
went to Athens as a wrestler, about 300 B. C. and acquiring a 1 
philosophy there, determined to place himself under the tuition 
eminent philosopher, although he possessed no more than four d 
or sixty-two cents ! He became a disciple of Zeno, and that he mi 
leisure to attend the schools of philosophy in the day-time, he drew 
night, as a common laborer in the public gardens. For several year 
so very poor, that he wrote the heads of his master’s lectures, o 
and shells, for want of money to buy better materials : at last, son 
nian citizens observing, that though he appeared strong and hea 
had no visible means of subsistence, summoned him before the Ar 
according to a law borrowed from the Egyptians, to give an aci 
his manner of living. Upon this, he produced the gardener for ^ 
drew water, and a woman for whom he ground meal, as witr 
prove that he subsisted by the labor of his hands. The judges. 
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wvn^ m'i iiuich alriu'k whh uiliuiratHt-n nf hi:4 fniHlui't, tluit tlu'j or- 
ftni huiHirikl atul nixty tlollar^j tt* Ih» paui hiiuoutoftho 

|niiiiii! tfinmny. 

Till.? i^i»aihicl t»f expiaiii.H th«‘ aia'n^t of tlu' ‘..»'n'af ta*lt‘bnty of 

laany aiirunif pluitKtiplit'r.’?* aiul shown tiu* tmiy inoatis i»y whirh oiu’uuaioo 
in any tlopariincoit of litimuu knowUnl^o t‘ai3 l»o ata|uirtHl : viz. lyhitiusti’i/ 
iisiil prrsrprrii»n\ Iloshlos hU juwcrty, wlac-h of itsrif was nufliru*ot to 
paraiyzo rho i*!lbrt‘5 of luo^t iiu*n» ho wiw ho siu|j;uhiriy ihill in ap|)rohou- 
Hiosn Jhai !ih. h'iluw tlisoiploH nnod to nail him tin* tm ; htit n*Holution and 
applit'afioii rai^aai him a}n»vo thoin nil, mado him a c-omploto miistm* of 
fho Ntoir phiiosonhy* aiul t|ualirn?{l lumas Bticooimor f»ftho illmurituw Zono. 
DrmtH'riius l»»%i,uiifu!ly oxpros’iod tin* sumt* nontlmont, hy roprosominn 
Tiaiih m hfd in tin* bottom of a woU; to intimato tho tlillkmlty %vitli %¥hioti 
aho in fouiut. 

AuahnpniH to tho rmulurt t»f (doanilios, was that of PhiutUH^ tins pout, 
who' lnan|^ rtniin'iai from rompotrnco to tho mi*am,»st |Hsvorty, hinal him- 
!irlf to a balun* ns a roiminm lalnuHU*, and whihs t^mplisyot! in gntuliu|i^ 
r»*rii» rsiiTrisod his miini in study. Thu samu may bo rumarkinl of Asulis* 
piiuh-a and Mimt‘dumuH, two (iruuian phtloaophura, who wt*n.s b<st.h so 
pr»oi% tlmt lit tmo purioii, thuy hirtnl ihumaulvus m brhkitUffr^H laimrm^ 
iiiid wisru umploytHt in ^anyint*: itmrlar to ihu ti>ps of bulhiiti^'s, AhuIo" 
piailus, was not a.Hhiuauil to bu *irun llms unpaMt*«b but his utunpanion “hid 
Intu-asif if In* saw any smu pitn-ans*; hy/’ Af/i*'rhiiis\ m\H tiny Wisns at 

t»lsu film* ?iUmmon«*d, Ukr ^‘ir.iulhr 5 , brfnro tU»‘ Aia-op.U'iti’ U to lUTosml 
for lliiur massiiur of livin-^ - \vh«-u th«'y i‘rtpn‘?4rd a milirr to bu Muiit h»}\ 
win* tu:jliti*"d tliiit *’ thuy uamu ntrii nn-rjif tit hia milk wlnus* thuy iaborud 
and jnoiiud /iro drai'hmo’,” 

No. N, ui fho ia.'it unpraviinf, ruprosunts a motlu rn Cl rook fomtdu drawing 
wafrr. It ii fri*m a ‘shululi of Chip** l>*litrla*f hmwo. Hun tho Wositninslor 
liuvmw for SopffUn!*ot% IHtlM. 


mmrmm rmM, 



This simplo iinph*fitont, may ho fhouo!*^ 
iigniCioitiit t«'» dt*horvo a pajiisudar notiuu, but ns it 
in iixtonsivoly ustai itt our ruin«\vutt‘r rinturuH, and 
m no inodorri tloviuu, wu* uru unwilliuft to pinifi it. 
It wnis known to tho Houiiuw. Pliny o;^|iron?ily 
m«*nfitnH it, whun «puakin|*’ of varit»UH inodris of 
waforing gardoiis, Ib^ says wafur in driiwn frotn 
a wadi or tank, ** by plain polos, liooks iiiid bilokoisf’ 
Ik ^i’C, 4 ; and that it Witn it i/««ir.t/ir iinplomont In 
old timoti iH lit prusunf, in raising wator from 
oi»itrriri, is provod by tho dtsrovory td' aomu of 
thu iitHtkn at Pi»mpt*ii* Lant, Arts, iNu. i, 
Ibtving mimtiunod tin* rain wiiti*r rlsfuriui r*r tho 
(Csunans, it may la» obsorvuit, that thuy wuru m 
roiiiition in Pompuii m thuy aio in this uiiy, ovury 
liijiuju liiiving boon furiii'diud with **Jiu. 

As PlinyN Huoonnt tif lhu»;u ud'ilunri iniij ho 
U’iulul fo sojm* mui'lijuiius, uMHt'uial'Iv iinuions, wo 
*d»al! mak«‘ no apolo^gv lor lUM-rfing if. “ 1 ho 
walk wor** linuti with strung ruiuriit, fbrirtod i»f 
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the same, and well beaten with an iron rammer.” B. xxxvi, 23. H 
Trans. The composition of this cement, differs from that wli 
Shaw says has been used in modern times in the east ; and w 
thinks is the same as that of the ancients. He says the cistern: 
were built by Sultan hen Eglih, in several parts of the kingdom o 
are equal in solidity with the famous ones at Carthage, continuinc 
day (unless where the^^ been designedly broken,) as firm and c 
as if they were just finished. The. composition is made in this i 
they take two parts of wood ashes, three of lime, and one of fir 
which after being well sifted and mixed together, they beat f 
days and nights incessantly with wooden mallets, sprinkling the 
nately and at proper times, with a little oil and water, till they 
of a due consistence. This composition is chiefly used in their 
cisterns and terraces. But the pipes of their aqueducts, are jo 
beating tow and lime together, with oil only, without any mixture o 
Both these compositions quickly assume the hardness of stone, and £ 
water to pervade them. Trav. 286. 

If the Romans wished to have water perfectly pure, they mz 
and sometimes three cisterns, at different levels ; so that the wt 
cessively deposited the impurities with which it might be c 
From this, we see that the recent introduction of two cisterns 
same purpose, in some of our best houses, is a pretty old cont 
It in fact dates far beyond the Roman era. The famous cistern£ 
lomon are examples of it. Rain-water was frequently boiled by 
mans before they used it. Pliny xxxi, 3. This was also an ancie 
tice among older nations. Herodotus, says the water of the C 
which was drunk by the Persian kings, was previously boiled, a 
in vessels of silver. B. i, 188. 


CHAPTER IX. 

The Pulley: Its origin unknown — Used in the erection of onciont buildings and in ships — 
found in Egypt — ^Probably first used to raise water — Not extensively used in ancient Grecian v 
of this — ^Used in Mecca and Japan — Led to the employment of animals to raise water — Sim] 
adapting them to this purpose, in the oast. Pulley and two buckets : Used by the Anglo St 
mans, &c. — Italian mode of raising water to upper floors — Dosagulior’s mode— Self-acting, 
and losing buckets — Marquis of Worcester — Heron of Alexandria — ^Robert Fludd — Lover bu 
—Bucket of Bologna — Materials of ancient buckets. 

PULLEY AND SINGLE BUCKET. 

We now come to the period when some of the simple mad 
mechanical powers, as they are improperly named, were applied 
water. When this first took place, is unknown : That it was at ; 
stage in the progress of the arts, few persons will doubt ; but the 
as uncertain, as that of the . invention of those admirable cont 
for transmitting and modifying forces. It was among the de^ 
which the famous structures of antiquity were raised; and Egyj: 
gineers under the Pharaohs, were undoubtedly acquainted witl 
combinations of it now known. Had Vitruvius neither describe 
mentioned its applications, a circumstancG which occurred at the 
Cleopatra’s life, would have sufficiently proved its general use 
erection of elevated buildings under the Ptolemies. The Egyptia 
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Jiviiiil falltiiE^ iiiif) tli«^ liiiiifk t»r Ortavius, took vviiim in a very liigli 
liiwrr, iH't'rM.MiliJt* only from nhovt*. lnn» tln.s nhn and Inn* two maids, 
drow lip Aitluny, {who luul givim himmdf a lafal WiMiiicl,) hy miNatis of 
I'itpos iiitil |niilirH, wliioli IntpnoiM'd t<» bo thorn, for th<» purposo of ruimng 
!o rlio lop of tho hulldin*/. Ihit tho pnlloy wru an «\sHontial rc» 
in flit* fi’iiUmf voms<*Ih tif iCi^ypf, Imba ami (dhina, in tho romoteiat 
Noiflior iradim^ ship-i, nor fh<* war floofs of St*?s{i?5fris, or provioiw 
wiirrior's ootiiil havo tht^ In<Imn ooiain without, this app(*mlago to 

nii'i-r nuil h»\vt*r tho .snik, tir <[uiokly to rooiilato thoir inovomonts liy hul- 
harJs *l‘hn uuriour i»)yypfhins, says Mr. Wilkinson, ** won* not i|^’iionint 
«»f tho piilh’vA Tilt* roiimiuM of t»n<* hrtvo aotuiilly htH*u tli.siutorn*tl, iintl 
itro liuw prosor\'t‘i! lu tin* nmHt‘tim <»f Loythm. I’liti sitlos am of atkid 
or faifiarisk wimhI, tint mllor t»f fir: part of tin* ropo miuio afktFtiv rilin‘s 
t»f tlir tliiro froo, WHS fuiuai at tin* namo tinun This roltr. of fonaor tituon, 
ill fiuppofiod to havo boon UHot! In tlniwiu*^ wator from a wndl. Its (into is 
uiirorfaim 


*rh**r«* aro roiHtnis whirh ronc!t*r it probabhi t!m,t tln^ sk/fk pulioy, was 
tlovisml to riii'H* wiifi*r nml oarth from w oils, ami probalhlity is all tiiat can 
tnor bo aitaiiaH! with ro*|anl to its orioin. lint may not tho pulloy havo 
iioon kiam'ii kj/hrf wolls 1 Wo think not, uml for tlu^ fidlowing masons: 
I. MohI barbarous potiph* havo Itoon ftMiml hi posstrssltm of HOiim of tht! 
laffor, but not of tlio f»*nm*r; ami in tho iniauoy of tho arts, man has in 
all a*tos, hat! rcoourst* to rho namo t*xpo«ru*uta, ami iu tho .ifuv/tc o/v/rr, 2. 
Wolis aro not only of tlir hi-diont nutlipiiiy, but tlioy aro tlu* ouly known 
work i mI’ luau iu iMiiy tiuios, in wiiioii tho pulloy <‘oul«l Imvt* Ih*ou 7V’« 
tptin'J or nppiioti, *1. "flio importanoc’ of wator lu thoso parts gf Asia 
whoro tho toriiior p;ouoiaiioiiTi nf inou dwtdt, munt Imvo ur‘(t*tl thorn at an 
oarly poriod to farilitato by tho ptilhy, tho labor of riiistfj|( it. That it 
pn^i'odod tlio' iiivi*ntion of ships, and tho oroolion of lofty buildings of stono, 
M all but ooriain *, but for what purposo, OKcopt for raising wator» tho |)ul- 
hn' taadd havo proviously boon rtapiirod* it would bti dilHmdt to ilivino, 
iriitaufoi to Iravo !»t*on tho first additbn imulo to thono primhtvc* implu- 
moiiN, tho oonl and buokiU ; and whon ouoo ad(>ptod, it naturally lod, as 
wo sliiitl find in iho mapiok to tho most vulualdc^- nmcliim* whiofi tho im- 
oionts omploymk My it thu iViriion of tho ropn 
ill ruhhing ap.aimu tho ourh, ami tin* t*onso<piont 
loss of a portioti of tho powor oxpondoil In rawing 
tho wator, woro iivoidod, and hy it idar* a honoficial 
ohango in tho dirootiou of thi* powor, was attidnod: 
iiiMti'iid ofhoing «*xortt*il in an anoonding dtroction, 
as in Nos. H and 9, it is iipplh*d moro convoiitt*nfiy 
fual otiioiontly in a <losrondttig om\ iw in tho figuro. 
Not withfilundltig tho obvious advanfagos of titftng 
d tho pulloy, it Would nppoar that it was m»t <*xton'' 

■' * ’ * T« ^ ^ ’^ividy usial in tho puhho wadlii of tin* am’is*uts, ox* 
i^,''n5did' ” I «*' oopf. in thono from wltioh flio wator was raisoi! by 

M\oft. No oxamp!«i of its uho hui mauirrod in tho 
luirkn, w«diH «»r Ilorouhimuim or Mompt-h. Nor it 

appoar t»» hav** boon omplt'>y‘*d to any grout 
liv ?hf^ fa* with thoio, n vt*sMrl by whlfh to draw wator, wioi as 

a. tifotr'-i! to thoir itio UflitHOtt s, igi to tho tuodrru pilgrifiui and fa- 

Pu-. «»!’ A dlio |M*M!'o-i! nf hoggars, Ai i-u« (pliauo^f 7V/o_/#/ifW, hiid a 

sviir jj, Ir'.'Mki'n oup, and a buokot, although it loakod. 'riin cicUoin tlioro- 
f -fi- i-' irrvuo* a vo'oad, and o«ird to druav wafor, ihowrt lliiit. no por» 
iir.riH'ig tuao Was iillaohod U> tlioir puhlio. woll-i, widoli wuiiild havo boon 
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the case had the pulley been used. If such had been the custom, rn 
therthe mendicant Telcpheus, nor Diogenes the philosopher, would ha- 
carried about with them, vessels for the purpose. 

It is not easy to account for the partial rejection of the pulley by t 
Greeks in raising water, when its introduction would have materially < 
ininished human labor. It certainly did not arise from ignorance of 
advantages, as their constant application of it to other purposes, attest 
and there is reason to belu^ye, they adopted it to some extent in raisi; 
water from the holds of their ships, in common with the maritime peo]: 
of Asia. It was indeed used in scune of their wells,® but only to a lir 
ted extent. The prliuupal reason for not employing it in public wells, -w 
probably this — -With it, a singh» pcn\son only could draw water at a tin 
while without it, numlH‘r.s coidd lower and raise their vessels simul 
neously, without intmTtunng with t?ach other In the former case, alt< 
cations would ht‘ frtM|mmt and unavoidable; and the inconvenience 
nurnbcirs of people waiting for water in warm climates a serious evil. T 
rich, an<l thost‘ who liad .servants wotild always procure it, while the pc 
and such as had no lelsurt', would uhtalii it with difllculty. The large, 
ameter of their wells and tlu»se ofeuht^r nations, it wemid seem, was soh 
designed aertumuodute stn'end people at the same time. These n 
sons it is utlmitted, <lo iu>t apply to the y/rimtfe? wells and cisterns of l 
Greeks aiul KomuuH, in which the pulley might have been used; 1 
those peopUt followed the practice of older nations, and from the gr 
number of tht‘ir slaves, (who drew the water) tlioy had no inducement 
disposition tti lessen their labor. 

A bucket suHpendetl ovm' a pulley, is still extensively used in rais: 
wattu' ihnn wells thnmghout the world. The Arabians use it at the w 
Zeiu'/aun ; the mouth t*f wliieh, Is ** surrounded by a biirn of fine wl 
marble live feet high, and ten feet in diameter; upon this the persi 
staiul, who (Iniw water in hsithern lundtets, attached to pulleys, an i: 
railing laung m piactsl ns to prevent, tludr falling in.”^ 

ApparatUH prmnsely similar to the figure in No. 11, are used by the 
pantme and either Asiatics. Moutanus^ Japan. 294. 

Thu {mtley hm but recently given phice to pumps, in workshops j 
dwellings, and in these tmly to a limitetl oxtimt — being confined chiefly i 
few cMm in the Unitetl States ami Eurtipiu In BVance and England, it 
a common apjamdagti to wells in the interior of houses, during the 
century; and in inch casea it is still extensively used throughout Sp 
Portugal and oflaw parts td* Kuwpe. It is very common in this coun 
and fd«o in South America. 

But tin* grand adviuitage of the pulley in the early ages was this ;~ 
it the viTfical ilirection in wliich men trxeritul their strcuigth, could be 
rectly clningcd into a hnriz«»nfal liy whiith cluiuge, animals could 
ampbytai in*phw*‘ rd' men. 'flu* wtdls cd’ Asia, Irecpiently varying h 
two to ihrife. aiiil even four huinired ihvX In depth, obviously requi 
more than one |W’rHon to raise the couttnitM oi a.n ordinary sized vessel i 
wliero ntinilan’M «if people tiepended tui nuch wells, not merely to s 
|ily their domestic w’‘antJ«, bur f*r tin! purposc^s ol irrigation, the sul 
tutlon td” iiuiir'iali in place *4 men, to nuse water, btjc.aruci a inalter aln 
of nia’csHity, liiid wi« ctTmitiiy adopted at a. vt*ry t^arly period. In 
pioj'mg till o/ for tifw piirpim*, the }dsu|deHt way, and one which devu 
flic haist frtuii thinr accusti lined meiloHl, was merely to attach the end 
fh#^ riini* fhii vttko. iiftitr tiitssiiiif it over a tiulley flxcal sufncie 
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Chap. 9J Application of Animals to Raise Water, 

high above the mouth of the well, and then driving the animal in a direct 
line from it, and to a distance equal to its depth, when the bucket charged 
with the liquid would be raised from the bottom. This, the most direct 
and efficient, was, (it is believed,) the identical mode adopted, and like 
other devices of the ancients, it is still continued by their descendants in 
Africa and Asia. Its value in the estimation of the moderns, may be 
learned from the fact, that it is adopted in this and other cities for raising 
coals, &c. from the holds of ships ; for which and similar purposes, it has 
been in use for ages in Europe. It has also been used to work pumps, 
the further end of the rope being attached to a heavy piston working In 
a very long chamber or cylinder. 



No. 12. Ancient and Modern method of raising water in Asia. 


This was probably one of the first operations, and certainly one of the 
most obvious, where human labor was superseded. by that of animals, and 
in accomplishing it, the pulley itself was perhaps discovered. This mode 
is common in Egypt, Arabia, India — through all Hindostan, and various 
other parts of the east. Mr. Elphinstone mentions a large well under the 
walls of the fort at Bikaneer, from fifteen to twenty-two feet in diameter, 
and three hundred feet deep. In this well four large buckets are used, 
each thus drawn up by z,pair of oxen, and all worked at the same time. 
When any one of them was- let down, “ its striking the water, made a 
noise like a great gun.’^ But simple as this mode of raising water by animals 
is, it is capable of an improvement equally simple, though not perhaps ob- 
vious to general readers. It was not however left to modern mechanicians to 
discover, but is one among hundreds of ancient devices, whose origin is 
lost in the remoteness of time. It is this — Instead of the animal receding 
from the well on level ground, it is made to descend an inclined plane, so 
that the weight of its body contributes towards raising the load. This is 
characteristic of Asiatic devices. At a very early period, the principle 
of combining the weight of men and animals with their muscular energy, 
in propelling machines, was adopted. We shall meet with other exam- 
ples of it. 


PULLEY AND TWO BUCKETS. 

The addition of another bucket, so as to have one at each end of the 
rope, was the next step in the progress of improvement; and although so 
simple a device may appear too obvious to have remained long unper- 
ceived, and one which required no stretch of intellect to accomplish, it 
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(without the expenditure of any additional time and labor to lower 
with the single bucket,) while its weight in descending, contributed tov 
raising the charged one. 

These advantages were not the only results of the simple additio 
another bucket; though they were probably all that were anticipate 
the author at the time. It really imparted a new feature to the appai 
and one which, naturally led to the development of that great machii 
which terminated all the improvements of the older mechanics oi 
primitive cord and bucket — and to which, modern ingenuity has add 
nothing — vizr the endless chain op pots — indeed nothing more 
then wanting, but to unite the two ends of the rope together, and a 
a number of vessels to it, at e<^ual distances from each other, througl 
whole of its length, and the machine just named, was all but complex 


No. 13. Anciont, No. 14- Modern. 

[From sepulchral raonunienta.] 

The Anglo Saxons used two buckets hooped with iron, one at 
end of a chain which passed over a pulley And in the old Nc 
castles, water was raised by the same means. In one of the keejps or tc 
still remaining, which was built by G-undulph, bishop of Rochest 
the reigns of the Conqueror and William Rufus, the mode of ele”' 
the water is obvious. “ For water, there was a well in the very « 
of the partition it was also made to go through the whole wall, 

the bottom of the tower up to the very leads, (i. e. thereof) and on 
• floor were small arches in the wall, forming a communication bei 
the pipe of the wall, and the several apartments, so that by a p 
water was communicated every where.” And in Newcastle, a s: 
tower exhibits the same device for obtaining the water: ‘'a remar 
pillar from which arches branched out very beautifully on each sid 
closed a pipe, (that is, the continuation of the well,) which cond 
water from the welL”^ It appears to have been, in the middle agei 
uniform practice to enclose wells within the walls of towers, that ^ in 
of sieges, the water might not be cut off. It was the same in 
Rome : the capitol was supplied by a deep well at the foot of the 
peian Rock, into which buckets were lowered through an artificial o 
or passage made in the rock.® The double bucket is still used in ii 
Spain. See a figure in Sat, Mag. A^ol. vii, 58. 

A simple mode is practised in Italy, by which a person in the upper 
of a house, and at some distance from the well or cistern, (which 
nerally in the court yard,) raises water without being obliged to de 

One end of a strong iron rod or wire, is fixed to the house abo 
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on the farther side of the well and in a line with its centre as in No. 15. 
A ring which slides easily over the wire is secured to the handle of the 
bucket, to which a cord is also attached and passes over a pulley fixed 
above the window. Thus when the cord is slackened, the bucket de- 
scends along the wire into the water, 
and when filled is drawn up by a per- 
son at the window. (Kitchens in the 
houses of Italy, like those of London 
and Paris are often on the upper floors.) 

This mode of raising water to the up- 
per stories of houses is practised in Ve- 
nice and soihe other towns in Italy 
We are not acquainted with the origin of 
this device. From the circumstance of 
the ancient, (as well as the modem) in 
habitants of Asia, Greece, Italy, &c. 
having had jets d’eau and tanks of wa- 
ter in the centre of their court-yards, 
it is possible that this mode of raising 
water to the upper floors of dwellings, 
may be of ancient date. It was in use 
in the 16th century, and is described in 
Serviere’s collection, from which the 
figure is taken.^ In the same work are 
devices for raising water in buckets to 
the tops of buildings by pulleys, ropes, 
&;c. moved by water wheels. 

Of modern devices for raising water 
with the pulley and bucket, the most efficient is said to be that of Dr. 
Desaguliers. After passing the rope over a pulley, he suspended to its 
end a frame of wood on which a man could stand — the bucket at the other 
end was made heavier than this frame, and therefore descended of itself. 
The length of the rope was such, that when the bucket was at the bottom, 
the frame was level with the place to which the water was to be raised. 
As soon as the bucket was filled with water, for the admission of which 
a hole was made in its bottom, and covered by a flap or valve, a man, 
whose weight exceeded, (with the frame) that of the bucket and water, 
stepped upon the frame, and sunk down with it to the bottom, and con- 
sequently raised the bucket of water to the required height, when a hook 
catched in a hasp at the side of the bucket, turned it over, and discharged 
its contents into the reservoir. As soon as the bucket was empty, the 
man at the bottom stepped off the frame and' ran up a flight of stairs made 
for the purpose, to the place whence he descended ; and in the mean time, 
the bucket being heavier than the frame, descended to the water, and was 
again raised by the same process. 

Such a device is w’-ell enough for philosophical experiment, but is cer- 
tainly not adapted for practical purposes. Simple as it may appear, 
there are requisites necessary to its efficient application, which in common 
practice are unattainable. 



No. 15. Italian mode of raising water to the j 
upper floors of a house. 


^Cadell’s Journey into Carniola, Italy, &.c. Edinburgh, 1820, i, 481. 

‘’jReciieil D’Oiivrages Cnrieux de Matheinatique et de Mechanique, ou Description 
du Cabinet do M. GroUier de Serviere, avec des figures eu taille douce, par M. Grol- 
lier de Serviere, son petit fils. A Lyon, 1719. The elder Serviere died in the 17th 
century. 
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SELF-ACTING, OR GAINING AND LOSING BUCKETS. 


In tlie latter part of tlie IGtli, or beginning of tbe 17tb century, 
cbine for raising water, was in use in Italy, -whicli is entitled to par 
notice, on account of its being alleged to be tbe first one of tli< 
whicb was self-acting ; and in that respect, was tbe forerunner 
motive ^ Fire Engine’ itself It appears to bave been first descril 
Scbottus in bis Technia Curiosa. According to Moxon, bis desc 
was taken from one in actual operation ‘‘at a nobleman’s bouse at 
/'Mecb, Pow. 107.) But Belidor, says tbe first one wbo put sucb a t 
execution, was Grironimo Finugio, at Rome in 1616 ; altbougb Scbotl 
long before cmtrived an engine for this purpose. Moxon bas given a 
and description of one, but without naming tbe source from whence 
tained it: be says it was ‘‘‘made at Rome, in tbe convent of St. M 
Victoria : tbe lesser bucket did contain more than a whole urn of 
fat Rome they say un harile,) but before, while they used lesser b 
the engine wanted success.” It would seem that it was to one o 
‘Roman Engines,’ that tbe Marquis of "V 


P 





No. 16. Gaining and Losing* 
Buckets. 


ter referred, in tbe 21st proposition of b: 
tury of Inventions: “How to raise wat( 
stantly with two buckets only, day and 
without any other force than its own motioTi 
not so much as any force, wheel or suck 
more pulleys than one, on which tbe cord c 
rolletb, with a bucket fastened at eac 
This I confess I bave seen and learned 
great mathematician Claudius, bis stui 
Rome, be having made a present thereof 
cardinal, and I desire not to own any otbe 
inventions, but if I set down any, to nomina 
wise tbe inventor.” 

Tbe machine described by Moxon, is 
bered with too many appendages for ; 
illustration — its essential parts will be 
stood by the accompanying diagram, fn 
cbette’s Traite Elementaire des Machines 
1819. Over a pulley S, are suspend 
vessels A and B, of unequal dimensions 
smaller one B, is made heavier than A wh 
are empty, but lighter when they are fil 
is required to raise by them, part of th( 
from tbe spring or reservoir E, into the 
Z. As the smaller bucket B, by its s 
gravity, descends into E, (a flo-p or val 
bottom admitting tbe water,) it cons€ 
raises A into tbe position represented 
figure. A pipe F, then conveys water fi 
reservoir into A, tbe orifice or bore o 
pipe, is so proportioned, that both ves 
filled simultaneously. The larger bucket t 
ponderate s, descending to O, and B at t 
time rising to tbe upper edge of Z, v 
projecting pins O O, catch against others 
lower sides of tbe buckets, and overturn 
tbe same moment. Tbe bails or handle 
tacbed by swivels to tbe sides, a little a 
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centre of gravity. As soon as both vessels are emptied, B again pre- 
ponderates, and the operation is repeated without any attendance, as 
long as there is water in E and the apparatus continues in order. 

In Moxon’s machine, the vessels were filled by two separate tubes of 
unequal bore ; the orifices being covered by valves, to prevent the es- 
cape of water while the buckets were in motion; these valves were 
opened and closed by means of cords attached to the buckets. The efflux 
through P in the figure, may easily be stopped as soon as A begins to de- 
scend, by the action of either bucket on the end of a lever attached to a 
valve, or by other obvious contrivances. The water discharged from A, 
runs to waste through some channel provided for the purpose. These 
machines are of limited application, since they require a fall for the de- 
scent of A, equal to the elevation to which the liquid is raised in B. They 
may however be modified to suit locations where a less descent only can 
be obtained. Thus, by connecting the rope of B to the periphery of a 
large wheel, while that of A is united to a smaller one on the same axis, 
water may be raised higher than the larger bucket falls, but the quantity 
raised will of course be proportionally diminished. 

In Serviere’s Collection, a Graining and Losing Bucket Machine is de- 
scribed. Another one was invented in 1725, by George Gerves an En- 
glish carpenter, who probably was not aware that he had been anticipated 
l3y continental mechanics upwards of a century before. He erected one 
in Buckinghamshire, which was much approved of by Sir Isaac Newton, 
Beighton, Desaguliers, Switzer, and others. Mr. Beighton who drew up 
a description of it, observes that it was so free from friction, that “it is 
likely to continue an age without repair;’^ and Dr. Desaguliers on insert- 
ing an account of it in his Experimental Philosophy, vol. ii, 461, says, 
“ this engine has not been out of order since it was first set up, about fif- 
teen years ago.’’ Notwithstanding these favorable testimonials, it has 
fallen into disuse. It was much too complex and cumbersome, and of too 
limited application ever to become popular. 

The principle of self-action in all these machines is no modern discovery, 
for it was described by Heron of Alexandria, who applied it to the ope- 
ning and closing the doors of a temple, and to other purposes. The mo- 
tive bucket when filled, descended and communicated by a secret cord 
the movement required, and when its contents were discharged (by a si- 
phon similar to the one figured in the Clepsydra of Ctesibius, in our fifth 
book,) it was again raised by a weight at the other end of the cord, like the 
bucket, in the last figure. See De Naturse Simia seu technica inacro- 
cosmi historla, by Bobert Fludd, (the English Bosicrucian.) Oppenheim, 
1618, pp. 478 and 489, where several similar contrivances are fibred — 
hence the device is much older than has been supposed. Perhaps the 
best modification of the * Gaining and Losing Bucket’, is Francini’s, a de- 
scription of which may be seen in our account of the Endless Chain of 
Pots. 

A Zet?ermachine described by Dr. Desaguliers may here be noticed. “ A A,. 
(No. 17,) are two spouts running from a gutter or spring of water, into the 
two buckets D and E. D containing about thirty gallons and being called 
the losing bucket, and E the gaining bucket, containing less than a quarter 
part of D, as for example six gallons. D E, is a lever or beam movable 
about the axis or centre C, which is supported by the pieces F F, be- 
tween which the bucket D can descend when the contrary bucket E is 
raised up. D C, is to C E, as one is to four. G L is an upright piece. 
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pressure of tlie arm C E on tlie end I. The hucket I) when emf 
its mouth upwards, being suspended as above mentioned. The 
with its bucket is also lighter than the end with the bucket E, whe 
are empty. By reason of the different bore of the spouts, B is fil 
most as soon as E, and immediately preponderating, sinks down 
and thereby raises the contrary end of the lever and its 
up to the cistern M, into which it discharges its water; but imme 
the bucket D becoming full, pours out its water, and the end of th 
E comes down again into its horizontal situation, and striking up 
end I of the loaded lever I K, raises the weight K, by which me: 
force of its blow is broken. If the distance A B or fall of the w 
about six feet, this machine will raise the water into the cistern M t 
four feet high. Such a machine is very simple and may be made 
proportion according to the fall of the water, the quantity allowed 
wasted, and the height to which the water must he raised.’^ 



No. 17. Gaming and Losing Buckets. 


Some years ago,’^ Dr. Desaguliers continues, a gentleman sho 
a model of such an engine varying something from this, but 
tiived as to stop the running of the water at A A, when the lev 
began to move. He told me he had set up an engine in Irelant 
raised about half a hogshead of water in a minute, forty feet hi 
did not cost forty shillings a year to keep it in repair, and that it 
very expensive to set up at first.’’ Experimental Philosophy, vo' 
There is a singular historical fact connected with the use of bu 
raise water from wells, which will serve to conclude this part of 
ject Every person knows, that wmr between nations has ofte: 
from the most trifling causes ; when thousands ^ of human heinj 
ignorant and innocent of its origin, hired^ by its authors, arm 
murderous weapons and incessantly exercised in the use of th 
marshaled into the presence of a similar host; when both hein 
lated by inflaming addresses, and often excited by ardent spirits, 
Aflph other like infuriated tio-ers! Then after one party is overc 
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stray their species; and to produce an amount of misery, as evinced in the 
shrieks of the wounded — the agonies of the dying — the unutterable 
pangs of widows, and the untold sufferings of orphans — that would suffice 
to draw tears from demons 1 And all this for what 1 Why, at one time, accord- 
ing to Tasso, and it is degrading to our nature to repeat it, because some 
thieves of Modena stole a hucket belonging to a puhhc well of Bologna / This 
fatal bucket is still preserved, in the cathedral of Modena — a memorial 
of a sanguinary war, and of the evils attending the most horrible of all 
human delusions, military glory. 

“In the year 1005, some soldiers of the commonwealth of Modena ran 
away with a bucket from a public well, belonging to the State of Bologna. 
This implement might be worth a shilling ; but it produced a bloody 
quarrel which was worked up into a bloody war. Henry, the king of 
Sardinia, for the Emperor Henry the second, assisted the Modenese to 
keep possession of the bucket ; and in one of the battles he was made 
prisoner. His father, the Emperor, offered a chain of gold that would 
encircle Bologna, which is seven miles in compass, for his son’s ransom, 
but in vain. After twenty-two years imprisonment, and his , father being 
dead, he pined away and died. His monument is still extant in the 
church of the Dominicans. This fatal bucket is still exhibited in the 
tower of the cathedral of Modena, enclosed in an iron cage.” 

Mateeials op Buckets. — ^Neptune and Andromache watered horses 
with metallic ones. Both Greeks and Homans had them of wood, metal 
and leather. Sometimes wooden ones were hooped with "brass. One of 
these was found in a Homan barrow in England. The ancient British 
had them without hoops and cut out of solid timber. The Anglo Saxons 
made them of staves as at present. Those of the old Egyptians were 
of metal, wood, skins or leather, and probably of earthenware. See 
figures in 11th and 13th chapters. We have given figures of some metallic 
ones discovered in Pompeii, in Book II. The bucket of Bologna is 
formed of staves and bound with iron hoops.® 

The old error that ‘ water has no weight in water,’ arose from not per- 
ceiving the weight of a bucket, until it was raised out of the liquid in 
which it was plunged. 

Although poetry is foreign to the design of this work, and cold water 
is not remarkably inspiring, nor a bucket a very poetical object, yet the 
following beautiful lines of S. Woodworth, on * The Bucket,’ are as re- 
freshing in the midst of a dry discussion, as a draught of the sparkling li- 
quid to a weary traveller of the desert.^ 

That moss-covered vessel I hail as a treasure ; 

For often at noon, when returned from the field, 

I found it the source of an exquisite pleasure, 

The purest and sweetest that nature can yield. 

How ardent I seized it, with hands tliat were glowing, 

And quick to the white-pebbled bottom it fell : 

Then soon, with the emblem of truth overflowing, 

And dripping with coolness, it rose from the well. 

How sweet from the green mossy brim* to receive it, 

As poised on the curb it inclined to my lips 1 

Not a full blushing goblet could tempt me to leave it, 

Though filled with the nectar that Jupiter sips. 


*■ Misson’s Travels, iii, 327, and Keysler’s Travels, iU, 138. 

*»They have been erroneously attributed to the British Poet Wordsworth. 
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CHAPTER X. 

The Windlass: Its origin unknown— Employed in raising water from wells, and ore f 
Chinese windlass— Other inventions of that people, as table forks, winnowing machines & 
see: Its application to raise water from wells-Its inventor not known. Wheel and pin 
Saxon crane— Drum attached to the windlass roller, and turned by a rope : Used in Birma 
&c. Tread wheels: Used by the Ancients— Moved by men and various animals— Jacks- 
tread wheels— Common wheel or capstan. Observations on the introduction of table forks 

THE WINDLASS. 

Although it may never be known to whom tbe world is inde 
the windlass, there are circumstances which point to the constru 
wells and raising of water from them, as among the first uses to 
as well as the pulley, was applied. The windlass possesses an i 
advantage over the single jDulley in lifting weights, or overcon: 
resistance; since the intensity of the force transmitted througl 
he modified, either by varying the length of the crank, or the 
ference of the roller on which the rope is coiled. Sometimes 
vessel and rope, but more frequently two, are employed, as in tl 
No. 18. 



No. 18. Windlass. From Kircher’s Mundus Subterraneus. 


The buckets are suspended from opposite sides of the roller, 
winding round it in different directions, so that, as one ascends, t 
descends. Pliny, in his Natural History, xix, 4, mentions this m 
used hy the Romans for raising water ; and in the 36th hook, 
when speaking of a canal for draining the marsh Fucinus, part 
passed through a mountain, he says the water which flowed in 
workmen was raised up “ with device of engines and windlcsJ^ 
was not any apparatus attached to the public wells in Greek an( 
cities, or if so, to a very limited extent, it is probable the wine 
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it has probably been in uninterrupted use since the Roman era.^ Some ■ 
times it was placed on one side of the well, and at a short distance from 
it, the ropes passing through, pulleys that were suspended over its mouth. 
By this arrangement water may be raised to any required height above 
the windlass ; an advantage in some cases very desirable. Belidor has 
given a similar figure, and observes that such machines were extensively 
used in the Low Countries.^ Sometimes a series of pulleys were com- 
bined with it. In an old work, we have seen the windlass attached to a 
large tub in which water or coal was raised, so that one or more persons 
might ascend and descend, without the aid of others on the surface of the 
ground; the ropes being passed through a block above the mouth of the 
pit.<^ It is very probable that these applications of it were known to the 
G-reeks and Romans. Switzer, in his ‘Hydrostatics,’ says, the ancients 
used the windlass for raising water, and that all their machines of a similar 
construction were classed under the general name of IBud/romia. 

There is a very peculiar and exceedingly ingenious modification of 
the windlass, which may here be noticed, and for which we are indebted 
to the Chinese. It furnishes the means of increasing mechanical energy 
to almost any extent, and as it is used by them to raise water from some 
of those prodigiously deep wells already noticed, (p. 30,) a figure of it, 
(No. 19.) is inserted. The roller consists of two parts of unequal di- 
ameters, to the extremities of which, the ends of the rope are fastened on 
opposite sides, so as to wind round Ijoth parts in different directions. As 
the load to be raised is suspended to a pulley, (See fig.) every turn of the 
roller raises a portion of the rope equal to the circumference of the thicker 
part, but at the same time lets down a portion equal to that of the smaller; 
consequently the, weight is raised at each turn, through a space equal only 
to half the difference between the circumferences of the two parts of the 
roller. The action of this machine is therefore slow, but the mechanical 
advantages are proportionably great.^ 



No. 19. Chinese Windlass. No. 20. Fusee Windlass. 


This is the neatest and most simple modification of the wheel and axle, 
that human ingenuity has devised, and is a proof that the principles of 
mechanical science were well understood in remote ages ; for every me- 


»De Re Metallica, Basil. 1657. p. 118, 119, 160. 
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chanician, we tliink will admit, tliat meclianical tact and ingennit 
by scientific knowledge, could never have devised it. It exhibit 
of originality so unique, so simple and efficient, that evidently s 
have been the conception of no common mind. At what time i 
taken to Europe, we have not the means of ascertaining. It h; 
cently, i. e. comparatively so, been described in books. W 
aware of its having been noticed in any, previous to the last hal 
It appears to have been introduced like several other standard 
from the same source, so gradually, that the precise period of it 
rival cannot easily be determined. Considering the long perk 
which European nations have maintained an intercourse vdth thi 
the recent introduction of this machine may appear singular ; 
little is yet known of that people, although an intimate acquaini 
their arts, would probably enrich us with treasures, more vah 
their teas and their porcelain. 

There is a large debt of gratitude due to the Chinese, which 
been sufficiently acknowledged. It is to them, we are indebtec 
of the most important discoveries connected with the present st 
arts and sciences. From them was derived the chief of all arts, 
and even movable types, and that invaluable acquisition, the 
compass; peculiar stoves,*^ chain-bridges, spectacles, silver for 
ink, chain-pump, winnowing machine,^ besides many others; a 
rect a popular error, which attributes to our fellow citizens o 
ticut, the invention of ^ wooden hams,’ it may as well be rema: 
these are also of Chinese origin. Le Comte, says they are s 
constructed, that numerous buyers are constantly deceived; 
quently it is not till one is boiled and ready to be eaten, that it is 
to be “ nothing but a large piece of wood under a hog’s skin.’ 
China has produced specimens of dishonest ingenuity, she h; 
tread-mill, furnished one of the greatest terrors to evil doers. 

A large Fusee is sometimes used in place of the cylindrical r 
windlass, especially in wells of great depth. When a bucket is i 
tom, and the weight of a long ro2:>e or chain has to be overcoi 
dition to that of the water, it is accomplished more easily by v 


a ‘'These stoves are extremely convenient, and deserve to be made known 
ill our country. Some of our company took such stoves with them to Gott 
models for those who might want to know their construction.” Osbeck's 
China, vol. i, 322, 

The use of silver forks with us, by some of our spruce gallants taken 
came from China to Italy, and from tlience to England.” Heylin’s Cosmogi 
1670. p, 865. 

cThe secret of making it, was brought by a Dutch supercargo to GStting 
and there divulged. Lon. Mag. for 1756. p. 403. 

<iThis was also brought first to Holland in the beginning of the 18th centu 
it soon spread over Europe. It was carried to Scotland in 1710. Walter 
incorporated in one of his novels, an historical fact relating to the superst 
countrymen respecting it. When first introduced, the religious feelings of 
greatly shocked at an invention, by which artificial whirlwinds were produc 
weather, when, as they supposed, 'it was the will of God for the air to remai 
they considered it a moral duty to wait patiently for a natural wind, to s 
chaff from their wheat, they looked upon the use of this machine, as rebel 
heaven, and an attempt to take the government of the world out of th 
hands! Constant readers of the Bible, the more superstitious of the Coven 
giiicd it was a cunning device of the Wicked One, the ‘Prince of the pc 
tliArpfArft oYift ftf thoAfi works, which Christians are called to aniard 
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tlu‘ ro|«* c^u tlu^ small eml of tlie fosee; aiul as tlio length diimiushes, it 
(•tills nmiul tlu^ Iargi*r part. No. 20, which is however inaccurately 

(iniwn-— as tin* huck(*t is at tin* top of thti w(*]i, it slnmid have l)(H*n repre- 
^i«*iiled Its snspenthal from the large end of tiu^ fnstH*.) The valueof ade> 
vita* likt* this, will la* apprtH’iated \vh<*n the* great d<‘ptli of Honut wells 
is rtuisidt‘red, anti tlu* cons(H|uent additional wt'ight of tlu^ chains. In 
the foi1n‘.HH of I>resth*n U a well, eightetm hundn*d feet deep; at Span- 
genlmri'h one of si\fy ti>ist*s ; at lloinherg, c>ni% of eiglity ; at Augnst- 
bur'dn is a well at which liiilf an hour is napiired to raist? the hm^ket ; 
and at Nnrenilmn(h aimther, Htx.U‘t‘u iiuiulnnl fetU dt'op. In all tlu*st% the 
water is ruinetl by chains, and tln^ weight of tin* lust uiu^ is HtattHl to he 
tipwaitls td’ a ton: Mssson, (vok i, lll>,) says three thousand pounds. 

It is to la* rogrtUt(*il tlnit th<^ nann* of tins inventor of lln^ funee, and the 
daft* (if its origin, iir<* ulik(* unknown. It forms' im essential part iti tluime- 
chatusm of ordinary wateh(*H ; for withont It th<*y would not h<; tmrrect 
tneasurers of time, I’lvtrry person knows that tin* moving powtu* in a 
eliick is a W(*ight, and that tint various movt^nnmts are rt*gulfUed by a 
petnlulum ; liut neitln*r weights nor pemhilums art* suiU'd to poitalde 
elocks, or watclies ; Inmce a spiral spring is adopt«*d as the first mover in 
the latter, and wlnui eoiitHl up, as it is by tin* act of ‘ winding up^ a watch, 
the forett which if exi*rts, imparts motion to tin* train of wlands; but as 
ihiri forc(» gradually diminishes as tin* sprlni.c unwinds, tin* velocity of the 
train would dimini'h ulsn, if sonn* moilo of o»|uaUr.lng the (‘Ifect of this 
varying bu'ce was not adopeol ; It i i tin* fus(*e wltich does this, by 
reroiving the ('nor.ey cd* the sprine; wln*n at its muKimum, on Its nmnller 
Olid ; and as this eiierey dimmbiUes, it acts on the jiartH, an on tlu^ 

(*nds of h which lentgheu in tin* saino ratio as tin* Foret** that moven 
tliriu is tliminiihed. 



In iifiiifbi’r ifiiwiiliealion (»f the windlass, a is hHtni to (me end 

of tli*^ roller, and moved by a pimtm that is secured on asepsiriits* ulnift, and 

1. rt fit** lie Siltifinr fil 
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Anglo Saxon Ukane. [Book 1 

any depth, since a diminution in the velocity of the wheel from a smalle 
pinion, is accompanied with an increase of the energy transmitted to th 
roller and vice versa. 

The Greeks and Romans employed the wheel and pinion in several o 
tlieir war engines, and in various other machinery. Part of a cog-whee 
was discovered in Pompeii. They probably were also employed, as i 
No. 21, to raise water from deep wells, a purpose for which they hav 
been long used in Europe. See Belidor, tom. ii, liv. 4. From some es 
|>eriments made by Mr. Robertson Buchanan, it was ascertained that th 
labor of a man in working a pump, turning a winch, ringing a bell, an 
rowing a boat, might be represented respectively by the numbers, 10( 
167, 227, and 248 ,* hence it appears that the effect of a man’s labor i 
turning a windlass, is fifty per cent, more than in working a pump in th 
ordinary way by a lever. 

As a man cannot, with effect, apply h: 
strength conveniently to a crank that d( 
scribes a circle exceeding three or four fe« 
in diameter, another ancient contrivanc 
enabled him to transmit it through a series o 
revolving levers, inserted into one or hot 
ends of the roller ; and which extended to 
greater distance from the centre than th 
crank, as in the copper-plate printing pres 
the steering wheel of ships and steam ve; 
sols, and numerous other apparatus employe 
in the arts. It was formerly used to raig 
water in buckets from mines and well 
No. 21 Anglo Saxo,. Crane. and even to work pumps: (cams being s. 

cured to the roller, raised the piston rods in 
manner similar to the common stamping mills.) Agricola has figured 
as applied to botli pui'poses. Dc Re Metallica, 118, 129, 141. No. 2; 
ii an axamplo of its application by the Anglo Saxons, from Strutt’s A: 
Equities 




Ka. Drum attached to a Windlass. 

There cannot be a more expeditious way to raise water from a de( 
Wfdl, than to make a largo wheel, [drum] at the end of the wi?ilai 
diftt may be two or three times the diameter of the wmlace, ( 
whicli a iMtaller and longer rope may be wound, than that which rais 




Treads Wheels Frojpelled hy Animals [Book 

hcBavy weights, were moved' by tread wheels, (Vitruvius, x, 4.) A figu 
of oxie is preserved in a bas-relief, in the wall of the market place at*^C 
pua.^ ^Lfike other ancient devices for raising water it has been continiK 
m use in Europe since E-oman times, and is described by most of the o 
writers on Hydraulics. Agricola figures it as used in the mines of Ge 
many. To raise water from a deepe well/’ says an old English write 
*‘some use a large wheele for man or beast to walk in.” At Nice, t\ 
men raise the water from a deep well, by walking in one of these whee 
It is the ^Kentish fashion’ according to Fosbroke, the wheels being pi 
peilod both by men and asses* The Anglo Saxons and Normans also us 
them for drawing water. 

Whether the Greeks and^ Romans employed animals in tread whee 
wa know not, but the practice is very old, and from the obvious adva 
cage of quadrupeds over biped man in climbing ascents, it is prohal 
that they were so employed by the ancients. Oxen, horses, mules, ass- 
tlqgK, goats and bear.s, have all been used to propel these wheels, and 
mise water hy thorn. At Spangenburgh, water was raised from t 
well menfionecl in a previous chapter,* by an ass. In the Isle of Wicr' 
Eitg. one was thus engaged for the extraordinary period of forty yea 
III riiislng water from a well two hundred feet deep, which was suppos 
to have been dug by the Romans. Hong practice had taught the anin 
m know exactly how many revolutions were required to raise t 
liiieket; when by a backward movement be would instantly stop t 
wlioid. GiHits are remarkable for scaling precipices, and therefore sec 
wall adapted for this kind of labor. In Europe, they are employed 
raise liotli water and ore from mines, by tread wheels. In the Chapi 
cm the CJiain-Pump, wc have inserted a cut from Agricola, represent] 
tlifUU thus tuigaged, But of the larger animals, if there is one het 
iida|ited than another, from its conformation and habits, it is the Bmr; a 
h m not a iirtle singular, that the G-oths actually employed that animal 
suc'lt %vhetVlii to raise water> 

It h prohalilo that the Chinese have from remote times employed ^ 
ritiiis iiiiitiimk tu them ; tlri.s wo infer from a remark of one of their w 
by Dr. Milno. In exhorting husbands to instruct th 
wivoi, Itii onooiirages them in the arduous task by reminding them, tl 
iiicnikoys may bo taught to play antics — dogs may be taught to 
im. ti mtiy ho taught to run round a cylinder, and parrots w 

Im tiiiight tu recita verses/’ and hence he concludes it possible to te£ 
Moiuothirig!® Many ancient customs relating to the taming a 
Uftiiig of luiirnitk are .still practised in China. The old Egyptians, had i 
liMiUH and rittinkfcwa traiued to gather fruit from trees and precipices in 
rvnidilf* lo fiimi,** The Chinese employ them for the same purpos 
Mark Aiitony, ’Nero, and others, in imitation of more ancient warric 
wrr«? ir?ifi**l.iioos drawn in chariots by lions — Chinese charlatans, both r: 
f»it* mud aril drawn by tliera, and by tigers also. (NieuhofPs Embassy. 


'Etifurti Simke jacks were invented, joints of meat while roasting, w< 
Cilliiin tuffted by running in tread- wheels. ^They were of a pe 

liar bretfd, (now nearly extinct) long backed, having short legs, and fr 


Atttiq* W, tad Wmklera?^^^ Arts of the Ancients. Paris, Ed. tom. 

Magniii, quoted hy Fmhmke. Encyc. Antiq. 71. « Downing^s Strange: 

€kim. vi>l. 11. m. ^WiMmon, voh ii, 150. « Breton's China. 
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Horizontal Tread WTieel. [Bools 

to his plate, andf thence to his xnouth. Hence the advice of Ovid, 
neither Grreehs nor [Romans used table-forks: 

Your meat genteelly with your fingers raise ; 

And — as in eating there’s a certain grace. 

Beware, with greasy hands, lest you besnaear your face. 

A German writer in the middle of the 16th century, in suggesting t 
whirling Eolipile as a turnspit, remarks, "‘it eats nothing, and gives wit] 
an assurance ‘to those partaking of the feast, whose suspicious natui 
nurse queasy appetites, that the haunch has not been pawed by the tu: 
spit, in the absence of the housewife’s eyes, for the pleasure of licki 
his unclean fingers,” This evil propensity of human turnspits, howev 
eventually led to their dismissal, and to the employment of another sj 
cios, whi<?h, if not better disposed to resist the same temptations, h 
less opportunities afforded of falling into them. These were the cani 
laborers already noticed. 



No. 23* Horlaiontal Tread-Wheel, from Agricola. 

Horizontal tread-wheels for raising water are described by Agrico 
from whoso work, De Re MetaRka, we have copied the figure. 
men on opposite sides of a horizontal bar, against which they le< 
push with their feet the bars of the wheel on which they tread, behi 
tibam. Similar wheels, inclined to the horizon were also used. For 
other kind of tread- wheel, see chapters 14, and 17. On the Noria a 
Chtin*pump. 

In all the preceding machines the roller is used in a horizontal positic 
but at SOToe unknown period of past ages, another modification was c 
vised, one, by which the power could be applied at any distance fn 
the centre* Instead of placing the roller as before, over the well’s mou 
it %vaB removed .a short distance from it, and secured in a vertical positic 
by which it was converted into the wheel or capstan. One or more ho 
zontal bars wore attached to it, of a length adapted to the power e 
plriy<!tl, whether of men or animals; and an alternating rotary movemc 
imparted to it, as in the common wheel or capstan, represented in the nc 
fig'll re. No. 26. It appears from Belidor, (Tom. ii, 333) that machines of t 
kind, and worked by mm were common in Europe previous to, and att 
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they hold in die other hand, upon the same dish. So that whai 
ho, that sitting in the company of any others at meale, should ui 
touch tlie dish of meate with his fingers, from which all at the 
cut, lie will give occasion of offense unto the company, as hav 
grossed the lawes of good manners ; insomuch that for his erro 
be at least brow-beaten, if not reprehended in words. This 
feeding, I understand, is generally used in all places in Italy, tl 
lieing for the most part made of yron or steele, and some of s 
these are used only by gentlemen. The feason of this their ct 
hacauso the Italian cannot by any means have his dish touched 
seeing all men’s fingers are not alike cleane — ^liereupon 
fj tough t good to imitate the Italian fashion, by this cutting 

iH»t tally while I was in Italy,^ but also in Germany, and oftentim 
liuul since I came home : being once quipped for that frequent 
tny forked, by a certain learned gentleman, a ffamiliar friend of 
iMiistcr Laurence Wliitaker, who in his merry humour doubt 
cull me Fureifer^ only for usln^ a forke at feeding.” 

In tilts <«xtract, we have a view of Italian gentlemen ‘feedii 
bcgifiiiiiig of the 17tli century, and in the following one, we ob 
sighe into llrittsh manners during the middle of it. Forty year 
|»y|iliratiiui of Coryatt’s Travels, a Manual of Cookery appej 
Uiiiiiijg following instructions to .British ladies, when at h 
gentlewoman being at table, abroad or at home, must observe t( 
luHly litraighte, and lean not by any means upon her elbowes — i 
vciitiu*i g«3>gture discover a vomcious appetite. Talke not when 
iiwatt! in your inouthe ; and do not smacke like a pig — nor ea 
no hot tliat the tears stand in your eyes. It is very 
fri drifikii m> large a draught that your breath is almost gone, an 
li» blow strongly to recover yourselfe. Throwing dov 
qmw m into a funnel, is an action fitter for a juggler than a gem 
lit iit your own table, distribute the best pieces first, ai 

vt^ry docent and comedy to use a JbrJee ; so touch no pie 
#/.” This elegant extract is from ‘ The Accomplished La 
illmit Ilaritim* London, 1653. Neither knives nor forks we: 
tlie tiililiis of the ESgyptians. A representation of a feasting part; 
fiircil cm a tomb near the pyramids, a copy of which is inserted* 
«if Wilkiiitoifi interesting work. One gentleman holds a sroal 
$mmt in hiji liiliid, two are eating fish which they retain in the 
wink another it separating the wing of a goose with the same in 



80 


Hydraulic Worlcs of 

M[r* 3t» J olniy ni6iitions sl specios of* Indian com gTowing* ii 
of Eg-ypt, prodigiously prolific. On one ear, three thousand 
recdconed! and a lady, who frequently made the experiment i 
haid, constantly found between eighteen hundred and tw- 
Egypt and Mahommed Ali, voL i, 143. Another proof of th 
irrigation is given by Herodotus. When speaking of that pa 
near Memphis^ he observes, that tli© people enjoyed the fruits 
with the smallest labor. They have no occasion for the pro 
. tmtruments of agriculture, usual and necessary in other countr 
remark of the historian, has been ridiculed by some authors ; 1 
has been verified by recent travelers.^ 

The advantages of artihcial irrigation have not only been 1 
the earliest ages, but some of the most stupendous works whi< 
loot of man ever called into existence, were designed for tha 
works BO ancient as to perplex our chronologists, and so vast ? 
some historians to class them among natural formations. Anc 
unite in asserting that Lake JVEmris was ‘ the work of men^s 
coristructt^d hv a king of that name ; its prodigious extent, he 
hnl Bomo rnodorn auuiors to question its alleged origin, althou 
works still extant, etjual it in the amount of labor required ; a 
of Ohina, tha Pyramids, and other works of ancient Egypt, i 
Cfmnibars* when comparing the works of the remote ancients 
of Oraaca, observes that the city of Babylon would have 
Attica ; that a greater number of men were employed in builc 
tJieris were inhabitants of Greece ; that more materials were c 
a single Egyptian l^yramid, than in all the public structures 
iiiiil tlmt Lake Mareotis could have deluged the Peloponnesus, 
til (lrc*ece. But incredible as tho accounts of Bakes Moeris ai 
may these works did not surpass, if they equaled, anotl 

of Egyptian engineering, which previously been executed, 
tltti rtnnoval of the Niki itself I In th© reign of Menes, (the ; 
of thti first sovereigns) it swept along the Libyan chain of mot 
ii, on mm mh of tha vallay that constitutes Egypt ; and in ordc 
it iMjmlly htmeficid to both sides, a new channel was formed l 
cenlrft of the valley, into which it was directed : an undertal 
iriilieatei a high degree of scientific knowledge at that early pe 

Beftirti tlia lakes and canals of Egypt or China could have 1 
taken, the inhabitants must have been long under a regular g 
anil mie which could command th© resources of a settled peop 
peo|>lit too, who from expanence could appreciate the value of 
for tlia pur|)osa of irrigation, as well as the inefficiency of previ 
fiir the mme olijacr. ; that is, of ma^Jdnes for raising the wate 
'Ito siippOiiHl the coriHtruction of canals to convey, of reservoirs 
ami « Wks and sluices to distribute water, preceded the use o 
for mtftittg it' — wouhl he admitting that men in ignorant ^tim 
ability to COficeive, and the skill to execute the most extensive 
works that civil enginei^riiig ever produced — to have formed 
cieeans, ami convcyiHl rivers through deserts, ere they well kr 
riitte water in a bucket, or transmit it through a pipe or a gi 
fact is, must neecsmrily have elapsed before such works 
been clrcanit of, and morfi before they could have been ac( 
Ifidividiiak would mtumlly have recourse to rivers m their 
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ResemhlaTice hetiveen Me Pldne^e and Egi/jpiiam, 

hiis'ba-xiclinati’ resembled Osiris. He began to reign 2S32, E. C 
Hve Kixndred years before tbe deluge ,* and it is in imitation of t 
monarch, that the emperors at the present day, plough a 
laTid witli their own hands, and sow different kinds of grain, o 
it appears was also the practice of Egyptian monarchs, foi 
tieal representations of them breaking up the soil with a hoe, 
the sculptures. Osiris instructed them in agriculture, < 
tbiern. tHe value and practice of irrigation. He confined the I 
Hanks, and formed sluices to water the land. On these accou] 
idolized, after death, and worshipped as a god ; and the ox, whic 
tHem to employ in the cultivation of the soil, was selected to 
Him. In accordance with this custom, the Israelites made and -v 
■dxe calf* (or ox) in the wilderness; and Jereboam to gratify the 
or superstition of his countrymen, placed golden statues of thf 
a.nd iBetbel ; or, perhaps from policy, introducing the worship < 
compliment to Shishak, with whom he had found a refug< 
wratk of Solomon. Similar to the worship of Apis, is the grc 
of* tile Ohinese when the sun reaches the 15® of Aquarius, dm 
^ Hg’ure of a cow is carried in the processions. The feast of I 
this people, is also like that of lamps anciently held over all Egy 
li, 62. The celebrated Yu was, like some of his predecessors 
the throne of China, on account of his agricultural labors. 
formed, that he drained a great portion of the land ; and that h<E 
veral "books on the cultivation of the soil, and on irrigation. B 
ed 22Q5, B. G. or about 140 years after the flood. Seventeen ^ 
his death, it is admitted that husbandry becanae systematically 
which necessanly included a settled plan of artificial irrigation. 
In the Ghinese Repository observes, in these early ages, thefu 
maicims of the science of husbandry were established, which S( 
can learn, have heen practised to the present day” Vol. iii, 121 
tan husbandry we are told consisted chiefly in having j^roper 
raising water, and small canals judiciously disposed to distrib 
their nelds. In both these respects it resembled that of China < 
sent day; a portable machine to raise water, being as necessary 
ment to a Chinese peasant as a spade is to one of ours. 

The mythology of the whole ancient world seems not only to 
intimately associated with agriculture, but appears to have been 
on it. To the invention of 5ie plough, and the irrigation of lai 
mysteries of Ceres may he referred. The great importance < 
ttrra in furnishing food to man, induced legislators at an early 
devise means to promote it This they accomplished by cor 
with tbe worship of the gods ; ■ and by classing the labors of 
-among the most essential of religious duties. This system seei 
been universal. It was incorporated by the Roman lawgivers 
insCltutions of that people. Plutarch, in liis life of Numa, expn 
^at TOtne of die laws were designed to recommend agriculture 
of See also Pliny, xvii. 2. The sacred hooks of aim 

ancient nations placed irrigation, digging of tanks and wells, an 
acts most acceptable to tlie gods ; and hence the Zendavesta c 
Sians, and the Shoster of the Hindoos, distinctly inculcate the 
•of water to barren land, as one of the precepts of religion. 

jfAs nocouhtrv depended more upon aerriculture for the phvslca 




Hindoo looter Oarrief, 

Thebes, with leather straps and. bronze bucJdes, and is now p: 

The yoke is about three feet seven inclies long, and 
are double, about sixteen inches. Some yokes had fr 
ei^ht straps, according to the purposes for which they wer 
Wyk. An. Egypt, vol. ii, 138. 

As watering the land has always been the staple employmei 
there can be little doubt, that the Israelites were employed in 
W e are informed, tlieir lives were made bitter unto them b 
jiagc% ill mortar and in brick, and in all manner of service 
And in Deuteronomy, xi, 10, irrigating the land, is expressly 
m one of their labors. In Eeviticus, they are reminded that i 
who brought them out of Egypt, and delivered them from si 
broke the bands of their yoke and made them go upright; 
the Htooping posture consequent on the long continued use o 
iiiul in case of disobedience, they were threatened with subse 
dotii, to ** serve their enemies in hunger and nakedness, and v 
nn their necks a literal description of them when thus e 
wnferinf** tlic lands of their oppressoz's. A passage in the 81si 
piKim tn refer expressly to their delivei^atice from this, and a 
nufthtid of watering the soil. ’ removed his should( 
liiirik'ii. Ills hands were delivered from the pots."' The sevc 
liiliiir* may be inferred from that of Chinese peasants, who c£ 
iieiw like the Egyptians, have deep impressions worn on the 
by tiiti yoke, Osbeck’s Voy, i, 252. 

It was a common custom of old to employ slaves and priso 
in wattudiig atid working the land. Herodotus, i, 66, obse 
liiiCiHlciiioiuans, that after the death of Eycurgus, they invad 
iiihI carritul with them a quantity of fetters to bind the 
bill llicy were theinsidveB defeated, and lo|,ded with their 
<*inph>ytHl in the fields of the Tegeans: and Joshua, ir 
witb thin custom, made the captive G-ibeonites ‘hewers o 
iimw^ri of water/ Isaiah alludes to the same, lx, 5 : sir 
iitmfiid- and feml your flocks^ and the sons of the alien shall be ^ 

This figure represents a 
borer of Hindostan, and i 
also to represent those of 
other Asiatics, who carry \ 
gardens and fields in precis 
way. It will be percei\ 
form of the vessels is sir 
of the old Egyptian Pots 
ceding figure, and that h 
serve to corroborate ourvi 
ing the origin of the fori 
and other domestic vessels 
There is another mode 
water, which was ancient! 
but of which we do not r 
mmm any partieular notice. It is represented in Plates 
Pitt. Sicirta IlelfArta. A conical vessel bent like the ^horn i 
b.-irtitf mt die shoulder, the largo and open end projecting in 
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seated on small mounds of earth raised for the purpose, by wl 
weight of the body assists in raising the load,^ as it is swung tow 
gutter or basin formed on the bank to receive it. The inovemenl 
men are regulated by chanting, a custom of great antiquity, and 
in all kinds of manual labor where more than one person were en; 

Sonnerat has figured and described (Yol. ii, 132,) a similar con 
of the Hindoos. “ They use a basket for watering, which ; 
impenetrable with cow dung and clay j it is suspended by four cor 
men hold a cord in each hand, draw up the water, and empty it i 
cing the basket.’’ Mr. Ward says this machine, is commonly use 
south of Bengal to water the land; Hist. Hindoos, 92. Trav 
China have noticed it in use there. “ Where the elevation of tl 
over which water is to be lifted is trifling, they sometimes adopt 
lowing simple method. A light water-tight basket or bucket is h 
pended on ropes between two men, who, by altexmately tightening 
laxing the ropes by which they hold it between them, give a 
swinging motion to the bucket, which first fills it with water, a 
empties it by a jerk'on the higher level ; the elastic spidhg which 
bend of the ropes, serving to diminish the labor.” Davis’ China, 
358. Chinese Repos. Yol. hi, 125. Sir George Staunton also desc 
with an engraving ; by which it ^pears the Chinese do not use a 
earth or any other prop, like the Egyptians, to support them in 
4)or. Osbeck has noticed a peculiar feature in working these bask( 
says Chinese laborers twist the cords as they lower the vessel, an 
it is raised, the untwisting of them, overturns it and discharges the c 
This mode of raising water in China, was noticed by Gamelli, h 
although not particularly described by him : he says **the Chines 
up water in a basket, two men working at the rope.” 

Of all employments in ancient and modern Egypt, this may be 
dered the most laborious and degrading. The wretched peasants 
or nearly so, may be seen daily, from one end of Egypt to the o 
the exercise of this severe labor. ‘‘ I have seen them,” says 

pass whole days thus drawing water from the Nile, exposed n; 
the sun, which would kill us.” To this mode of raising water 1 
probably an aUuaion in the latter clause of the passage already 
from the 81st Psalm : " His hands were delivered from the p( 
“ haslcetsf as the word is sometimes translated, and is so in this i 
in the margin of the common English version. Indeed, it was pe^ 
appropriate that a Psalm, written as this was, to celebrate the delr 
of the Israelites from Egyptian bondage, should allude to some 
severest tasks imposed upon them while under it. Raising of w 
irrigate the land was emphatically “the labor of Egypt/’ from 
they were freed. ’ 

Some additional remarks to those on page 81, respecting other £ 
customs delineated on Egyptian monuments, may interest some rea 

Salting fish seems to have been a regular profession in ancient 
and by processes similar to those now in use j although it was not 
15th century that the art was known in modern Europe, when ^ 
Bukkum, a Dutchman, who died in 1447, “ found out the art of 
smoking, and preserving herrings.” It is also not a little singular t 
Egyptians had a religious rite, in which, as in modern every 
ate fish. They used the spear/ hook and line; drag, seine and oth 
Part of a net, with leads to sink it, has been found at Thebes. Y 
individuals had private fish-ponds, in which they angled. They 
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CHAPTER XII. 

Gutters : Single do. — ^Double do. — Jautu of Hindostan : Ingenious mode of working it — ^Rc 
n Deuteronomy — Other Asiatic machines moved in a similar mauuner — ^Its Antiquity. Combi 
levers and gutters — Swinging or Pendulum Machine — ^Rocking gutters — ^Dutch Scoop — ^Flash ' 

Most of the machines hitherto noticed, raise water by means o 
hie cords or chains, and are generally applicable to wells of. great 
We now enter upon the examination of another variety, which, w 
tixception, (the chain of pots) are composed of inflexible materia 
raise water to limited heights only. Another important distinct 
tween them is this — In preceding machines, the ‘mechanical pow 
distinct from the hydraulic apparatus, i. e. the wheels, pulleys, w 
capstan, &c. form no essential part of tKe machines proper for rais 
water, but are merely employed to transmit motion to them ; \ 
those we are now about to describe, are made in the form of 
wheels, &c. and are propelled as such. The following figure, rej 
one of the earliest specimens. 



No. 30, Single Gutter. 


It is simply a trough or gutter, the open end of which rests 
bank, over which the water is to be elevated ; the other enc 
closed is plunged into the liquid, and them raised till its contents i 
charged. It forms what is called a lever of the second order, t 
being between tbe fulcrum and the power. 



This figure represents an improvement, being a double gutter, 
of the former united and placed across a trough or reservoir desi 
receive the water. A partition is formed in the centre, and two c 
iiCiade through the bottom on each of its sides, through which th 
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duce a continuous discharge. Sometimes, openings ai'e, made in the bot- 
tom next the laborers, and covered by flaps, to admit the water without 
the necessity of wholly immersing those ends. Machines of this kind are 
described by Belidor, but he has not indicated their origin. From their 
simplicity, they probably date from remote antiquity. They are obviously, 
modifications of the Jantu of Hindostan and other parts of Asia, and 
were perhaps carried to Europe, (if not known there before) among other 
oriental devices, soon after a communication with that country was opened 
by the Cape of Good Hope. 


THE JANTU. 

The jantu is a machine extensively used in Bengal and other parts 
of India, to raise water for the irrigation of land, and is thus described by 
by Mr. Ward, in his History of the Hindoos. “It consists of a hollow 
trough of wood, about fifteen feet long, six inches wide, and ten inches 
deep, and is placed on a horizontal beam lying on bamboos fixed in the 
biuik of a pond or river. One end of the trough rests upon the bank, 
where a gutter is prepared to carry off the water, and the other end is 
dipped in the water, by a man standing on a stage, ^plunging it in with his 
foot, A long bamboo with a largo weight of earth at the farther end of 
it, is fastened to the end of the jantu near the river, and passing over 
the gallows before mentioned, poises up the jantu full of water, and 
cause.s it to empty Itself into the gutter. This machine raises water three, 
foct, hut hy placing a series of them one above another, it may bo raised 
to (Uiji Imgkty tlui water being discharged into small reservoirs, suf- 
ficiently d(U5j) to admit the jantu above, to he plunged low enough to fill 
it.^’ Mr. W ard observes, that watc^r is thus conveyed over rising ground 
to the distance of a mile and more. In some parts of Bengal, they have 
difierent methods of raising wutc^r, ^^hut the principle is the same,^^ 

Then', is in this appanuit.ly rude machine, a more perfect application of 
mechanical science, than would ajjpear to a general observer. As the ob- 
ject of the long bamboo lever is to overcome the weight of the water, it 
might bo asked, why not load the end of the jantu itself, which is next 
the hank sufEclently for that purpose, and th(.n'el)y avoid the use of this 
additional lever, which renders the apparatus more comphix, and appa- 
rently unnecessarily so 1 A little reflcM.tion will devclope the reasons that 
led to its introduction, and will at the same time furnish another proof of 
oriental ingenuity. As the position of the jantu is nearly horizontal 
wh(m it discharges tlui water, if the end wore loaded as proposed, it would 
descend on the liank with an increa.sing velocity ; for the weight would 
l>e at the. end of a. hiver which virtually longtheruHl as it approached the 
horizontal position ; and this effect would be still further augmented by 
the r(‘sist,ance of the water diminishing as the jantu rose, that is, by its 
flowing towards the centre — the consecpiencc would be, that the violent 
concussions, whcni thus brought in contact with the hank, would spciodily 
shake, it to pieces. Now this result is ingeniously avoided hy the lever 
and its wt^ight. Thus, when the laborer has plunged the end of the jan- 
tu next him into tlui water, this lever (as we suppose, for wci have not 
seen a figure of it) is placed, so as to be nearly in a horizontal pmsltion, by 
which its maximum force is exerted at the precise time wlum it is re- 
(piirecl, i. e. when the jantu is at its lowest position and full of water; 
and a.s the latter ascends, the loaded end of the lever descends, and its 
ftirce diminisliing, brings the end of the jantu gra.dually to rest. A 
somewhat similar effect might be produced, by making the load on the lo- 
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ver descend into tKe water, especially if its specific gravity v 
little from tliat fluid. Traits like this, whicli are often found i 
devices, are no mean proofs of skill in the older mechanicians 
professors of the flne arts, discover the works of masters by cei 
acteris tic touches, and by the general effect of a painting or.scul 
j)rofessors of the useful arts may point to features like the above, 
that they bear the impress of the master mechanics of old. 

At what period in the early history of our species this ck 
chines was first devised, can only be conjectured ; they are ev 
very high antiquity ; this is inferable not only from their simp 
tensive use over all Asia — ^where it may be said, machines for r; 
ter have never changed — but also from the mode of working tht 
feeL Every one acquainted with the bible, knows that numerc 
tions were thus performed. The juice of grapes was expresse 
treading them ; and the tombs of Egypt contain sculptures re^ 
this and other oj^erations. Mortar was mixed and clay prepare 
potter by the feet. The Chinese work their mangles by the 
both they and modern Egyptians, and Hindoos, move a variet;; 
machines by the same means : among these are several for raisi 
as the Picotah of Hindostan, (described in the next chapter,) 
pump of China, and we may here remark, that all the machines 
water described by Vitruvius, with one exception, were propell 
feet,, or as expressed in the English translation, by the ** treading 
It is not at all improbable, that to the Jantu, Moses alluded wh 
bing to his countrymen the land to which he was leading them : 
of hills and valleys,’’ that “ drinketh water of the rain of heayei 
they should not be employed, as in Egypt, where rain was gen 
known, in the perpetual labor of raising it to irrigate the soil : ‘ 
land whither thou goest in to possess it, is not as the land of E 
whence ye came out, where thou sowedst thy seed, and toaterei 
thy foot Deut. xi, 10. Some authors suppose this passage re 

oriental custom of opening and closing the small channels for v 
intersect the fields ; but this trifling labor would scarcely have 1 
tioned by Moses, as constituting an important distinction betwee 
countries. It was in fact common to both. It is much more 
that he referred to the severe and incessant toil of raising water, 
they had been subject in Egypt, and which would be in a gre 
.HU[)erscded in Canaan by tlie rain of heaven.” He could no 
have pointed out to them, a more encouraging feature of the ( 
which they were migrating. 

A very 'interesting proof that the Egyptians in the time of D 
propel inachines by the feet, has recently been brought to light 
of the tombs at Thebes, which bears the name of Tiiothmes 
is a sculptured representation of some Egyptian bellows which ^ 
worked. Wc shall have occasion to refer to them when we cc 
quire into the history of the pump, in the third hook. This 
transmitting hurnar energy appears to have been quite a favor 
ancient times ; for the purpose of illustration we will describe ( 
is identical with the Jantu ; and is moreover one of the most co 
plernents connected with ancient and modern agriculture in the e^ 
Pedal,” says Mr. Ward, is a rough piece of wood, generally 
of a tree, balanced on a pivot, with a head something like a mi 
tn Ronamte rice from the husk, to pound brick dust for bail 
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One of these j^dals is set up at almost every house in country places.’’ 
This primitive implement is also in g^eneral use in the agricultural districts 
of CiUNA. '' The next thing,” says a writer in tiie Chinese Uepository, 
VoL iii, 233, ^‘is to divest the grain of the husk; this is done by pounding 
it in stone mortars ; two of these are placed in the ground together, and 
have corresponding pestles of wood or stone attached to long levers, A 
lahoj-er by alternately stepjnng upon each lever pounds the grain, 

Pa.per mills of the Chinese, by which the shreds of bamboo and the fa- 
rina of rice are reduced to a pulp, are precisely the same, and worked by 
men treading on levers as in the jantu.*^ And we may add, that the paste 
of which Maearoiii is made, is kneaded by a similar implement, and which 
the Ronnins probaldy received from the east. 

Xltmcti it appears that the jantu is merely one of a class of machines 
of simila.r constiaiction and moved in the same manner ; and as the pedal 
of the Hindoos is su])pose(l to bo as old as their agriculture, the jantu 
may certainly be considered ecpally ancient, for it is the more important 
machiiui of the two. They both, liowever, appear to have had a com- 
mon origin; and to have come down together through the long vista of 
pjist ag(ts, without the slightest alteration. The fact of the jantu being 
still used in India proves its anticjuity, for it is well known that the Hin- 
doos retain the sivmo customs and peculiaridu^s that distinguished their an- 
cestors thousands of years ago. A country,” says l)r. Robertson, “ where) 
the customs, manners, and even dress of tlie peM>ple, are almost as perma- 
nent and invariable as the face of nature itself.” This attachment to an- 
cient customs exists with singular force in n^gard to every thing con- 
nected with their agriculture. Like the Chinese a.ud some other people of 
the east, nothing can induce them to dtwiale from tlie practice oi their 
fondatluirs, edtheu- as it regards their implements or modiss of cultivation. 
And wlnm we bear in rtiiud, that the Hindoos were among the earliest of 
civllizial people ; tliat it was their arts and their science which enlightened 
the peo[)le, who, in t;lu5 ('arly ages dwtdt in the valh^y of the Nile ; we 
can rtaullly tulmit that the jantu was used, in the time of Moses, and 
that to it h(5 alluded in the passage already cpioted ; but, be this fis it may, 
it may safely he considered as a fair Bpecinum of primeval ingenuity in 
applying human effort, as well as in raising water ; and in both res})ects is 
euiithul to the lengthened notice wo have given it. 

Tht*se machines when worked by the feet raise water only about three 
feet, hut wher<5 the (‘levadon is greater, they have btum moved hy the 
hands, hy means of ropes and a double lever, as in the figure ; the open 
ends hi*ing attached by ])ins to the edge of the reservoir. In this manner 
water may In; raised five or six feet at a single lift, according to the length 
of tln^ guU(u*. 

Contrivanci's of the kind were formerly used in Europe ; and, as m the 
eastern world, stiriiis of them were')! sometimes employed to raise wa- 
ter to grcait elevations, to the top of buildings, &c. They are figured 
and dt*«crih(:Hl in Serviere’s collection. A number of cisterns are placed at 
equal distances above each other from the ground to the roof. In these, 
gutters are arranged as in the figure ; the lowermost raises water into the 
first, into which othc*rs dij) and ciinvey it to the next one, and so to the 
highest, in some, tho gutter.s are worked hy a combination of levers; in 
others, hy ropes passing over pulleys at the highest jiart of the building and 
united to a crank that ts attached to a water wheel or other first mover 


Breton’s China, Vol. ii, 39, and Vol. iv, 27. 
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Various forms of tlie gutters are figured, (the heads of some like larg 
bowls,) as well as modes of working them. See figure No. 32* 



No. 32. Combination of Levers and Gutters. 


There is another modification of the jantu, by which water may h 
raised to great elevations. A number of gutters, open at both ends, ar 
permanently connected to, and over each other, in a zigzag direction, s 
that while one end of the lowest dips in the water, its other end incline 
upwards at an angle proportioned to the length of the gutter and th 
motion to be given to it, and is - united to the lower end of the next on< 
which also inclines upwards, but in an opposite direction, and is united t 
the next, and so on, the length of each diminishing as it approaches th 
ton, as in the following figure. 



No. 33. Pendulum or Swinging Gutters. 

In the bottom of each, an opening is made and covered by a flap 
valve to prevent the water, when once past through, from returning. J. 
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the gutters are secured to a frame of wood which is suspended on a pin 
secured to a beam, so that by pulling the cords alternately the whole may 
be made to oscillate like a pendulum. Thus, when pulled to one side, 
one of the lowest gutters dips into water, and scoops up a portion of it, 
to facilitate which the end is curved ; and as it rises, the liquid runs along 
to the farther end, and passing through the valve is retained till the mo- 
tion is reversed, when it Hows down to the next gutter, and passing through 
its valve, is again continued in the same manner to the next ; entering at 
every oscillation the gutter above, till it reaches the highest ; and from 
which it is discharged into a reservoir, . over which the last one is made to 
project. A double set of gutters, as shown in the figure, was sometimes 
attached to the same frame, so that a continuous stream could be discharg- 
ed into the reservoir. Machines like the above are more ingenious than 
usefLil. They do not appear to have ever been extensively used, although 
they are to be found in the works of several old writers on hydraulics. 
The one nipresented by the figure is described by Belidor as the inven- 
tion of M. Morel, who raised water by it 15 or 16 feet. Similar machines 
were known in the preceding century. A pendulum for raising water is 
described at page 95, of the first volume of machines approved by the 
French Academy, and at page 205, is a hydraulic machine” by A, De 
Courdemoy, similar to the one wc have copied ,* except that square tubes 
wore used instead of open gutters ; they wore also of equal length, and 
attached to a rectangular frame, but were suspended and worked in the 
same manner as No. 33. 

A different mode of working these machines, was devised by an Eng- 
lish engineer. Instead of suspending the frame like a pendulum, ho 
made the lower part terminate in rockers like those of a cradle; these 
resting on a smooth horizontal plane, a slight impulse put the whole in 
motion. The lowest gutters at each oscillation dipped into the water, and 
raised a portion, as in the preceding figure. 



No. 34. Dutch Scoop. 
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suspended by cords from a triangular frame, and worked as repres 
in the figure. By a sweeping movement, an expert laborer will t 
up at eacb stroke, a quantity of water equal to tbe capacity of tbe si 
altbougb from its form, such a quantity could not be retained in it. 

The Flash Wheel, is another contrivance to raise large quantities o 
ter over moderate heights, being extensively used in draining wet 1 
particularly the fens of England. It is made just like the wheel of a s 
boat, and when put in rapid motion, generally l)y a windmill, it p 
the water up an inclined shute, which is so curved, that the paddles 
sweep close to it, and consequently drive the liquid before them, 
^back water’ thrown up by the paddle wheels of steam vessels is i 
in 0 . somewhat similar manner. 


CHAPTER XIII. 

The Swape : Used in modern and ancient Egypt— Represented in sculptures at Thebes— Al 
by Herodotus and Marcellus — ^Dfescribed by Pliny— Piootah of India ; agility of the Hindoos in' 
it. Chinese Swape — Similar to the machines employed in erecting the pyramids — The Swape, 
Paradise by MahoiAet— Figure of one near the city of Magnesia — Anglo Saxon Swape— Formei 
in English manufactories— Figures from the Nuremburgh Chronicle, Munster’s Cosmography, * 
son’s Theatre des Instrumons. The Swape common in North and South America— Examples o 
in watering gardens — Figures of it, the oldest representations of any hydraulic machine — Me 
speculations of Ecclesiastics: Wilkins’ projects for aerial navigation — ^Mechanical and theologi 
suits combined in the middle ages — Gerbert — ^Dunstan— Bishops famous as Castle architects — ^And 
Roode of grace— Shrine of Becket— Speaking images— Chemical deceptions — ^Illurainated man 

Of machines for raising water, the Swape has been more exten 
used in all ages, and by all nations, than any other. Like mo 
plements for the same purpose, its application is confined within c 
limits ; but these are such as to render it of general utility. The r 
or swinging basket, and the jantu, raise the liquid from two to 
feet only at a lift, while the swape elevates it from five to fifteen, a 
some cases still higher. It is not, however, W'-ell adapted for greater 
tions ; a circumstance which accounts for its not having been much 
in the wells of ancient cities — their depth rendered it inapplicable, 
generality of ours do at this day. In Egypt, tbis machine is name 
Shadoofs and in no country has it been more extensively employe 
modern days, more persons are there engaged in raising water by 
the mental, than are to be found in any other class of Egyptian lal 
They raise the liquid at each lift about seven feet, and where it 
quired higher, series of swapes are placed at proper distances 
ea-ch other, in a similar manner as the Hindoos arrange the janti 
as shown in the figure, (No. 35.) The lowermost laborer empti 
vessel into a cavity or basin formed in the rock, or in soil rendered i 
vious to water, three or four feet above him, and into which the ne 
plunges his bucket, who raises it into another, and so on till it read 
required elevation. M. Jomard,®- says it is not uncommon to see 
thirty to fifty shadoofs at one place, raising water one above anothe 
Esne. he saw twentv-seven Arabs on one tier of stajres. workln^r fo 


Andeni JElgyjptian Swajpe. 
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3 wapes, i. e. two on each, frame, the bucket of one descending as 
rises. They were relieved every hour, so that fifty-four men were 
to keep the machines constantly in motion. The overseer or 
ter measured the time by the sun, and sometimes by a simple 
•a or water-clock. 



No. 35 , Modoni EgyptiauM using tlui Swapo. 

mpossiblc to pass up the Nile in certain states of the river, without 
[rprised at the myriad.s of those lev(^rs, and at their unceasing move- 
for relays of men, they ar<j often worked without intermission, 
;ht and day. In Up[)er Kgypt o.specially, where from the elevcjition 
tanks th(‘y arts more liocessary, and of course more numerous, the 
e is Jiuimating in a high degree, and cannot but recall to reflecting 
Imilar scenes in tlio very same places in past ages, when the popu- 
as grtiatly more dense than at present, and the country furnished 
: surrounding nations. In some parts, the banks apjxnir alive with 
sing water by swapas and the effect is I'ondered atlll more impress- 
be songs and measured chantings of the labonirs, ami the incessant 
ind creakings of the machines themselves. To the ancient custom 
ng while midng water, there is an evidtmt allusion in Isaiah, xii, 
re with joy shall ye draw water out of the wells of salvation. 

The Arabs have a tradition 
that the shadoof was used in 
the times of the Pharaohs, and 
a proof that such was the fact, 
has recently been furnislied by 
Mr. Wilkinson, (Vol. ii, 5,) who 
found the remains of one in an 
ancient tomb at Tliel)eH ; in ad- 
dition to which tlu^y are repre- 
sented in acnlpturcH whicli date 
from 1532 to 1550 B. C. a peri- 
od extending btiyond the Exo- 
dus. No. 3G represents it as 
used at that remote period for 
the Irrigation of land. 

An Efyptlan in tli® tim© of Mosoi rnifltng water hy the swap®. From iculptures at Thebes. 




Swape used hy the Romans. \ 

It appears to have formed one of a series, designed to raise wa 
the elevation feebly portrayed in the back ground, in precisely t 
way that is now common in Egypt and in the east, and as sho'vy'n ir 
The remark of a traveler that a Chinese seemed to him “ an ante 
renewed,’^ might with equal propriety, be applied to a mode] 
raising water by this implement from the Nile ; and the figure, 
might be taken as a probably correct representation of an ante 
laborer engaged in the same employment. On comparing the 
cuts, the former having been sketched by Mr. Wilkinson, from 
three years ago ; and the latter copied from sculptures that ha 
executed upwards of three thousand years, we see at once, thatth 
has undergone as little change in Egypt, since the times of the P 
as the costume, if such it may be called, of the laborers themselves 
er words both remain the same. The discovery of this implemei 
the sculptures of ancient Egypt tends to corroborate our views re 
the antiquity of other machines for the same purpose, and which 1: 
still in common use in the east. It also admonishes us not to reje 
probable or fabulous, current oriental traditions ; since they are, j 
case of this mafehine, often, if not generally, founded in truth. 

The swape seems to be alluded to by Herodotus, vi, 119, as 
Persia in his time. He observes that Darius, the father of Xer: 
some captives to a certain distance from Susa, and forty furlong 
well, the contents of which were “ drawn up with an engine, to 
kind of bucket is suspended, made of half a skin ; it is then pot 
one cistern and afterwards removed into a second.*' This ap 
have been the shadoof of the Egyptians, as figured in No. 35, t 
there is probably a reference also in Clio, 193, where he says the 
ans irrigated their lands from the Euphrates “ by mamcal labor 
hydraulic engines^ Aristotle mentions the swape as in common us 
the Greeks.®- Dr. Clarke says some of the wells of Greece \ 
deep, and pulleys were not used, only buckets with ropes of twiste 
and sometimes the water was raised by a ' huge lever, great ston 
a counterpoise to the other end.’ A circumstance connected ‘ 
overthrow of the Syracusans, and the death of Archimedes, in v 
swape is referred to, may here be noticed. When the Homan v 
the siege of Syracuse were grappled by hooks and elevated in 
by levers that projected over the walls of the city, their rese 
to vessels of water raised by the swape, was so striking, that IV 
was wont to say, “ Archimedes used his ships to draiv water with. 
remark of the Homan general clearly shows that the swape was 
miliar to him and to his countrymen. But we are not left to cir 
ces like this to infer its use among the Romans. Pliny expres 
lions it among machines for raising water. As the passage i 
interesting, and as we shall have occasion to refer to it hereafte 
as well be inserted here. It is in the fourth Chapter of the Ni 
Book, “ On Gardens “ above all things there should be water at ci 
(if possible a river or brook running through it, but if neither ca 
tuined,) then they are to be watered with pit water, fed with 
either drawn wp by plain poles, hooks, and buckets ; or forced b 
and such like, going with the strength of wind enclosed, or else 
with sivipes and cranes^ Holland's Trans. 

The Swape is extensively used over all Hindostan. “ Thk • 
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else by a thwart post, poised with a sufficient weight at the extremity laid 
over one fixed in the earth ; the water is drawn by a bucket of goafs 
skin.”® In some districts, the Hindoos have a mode of working the 
Swape, which, so far as we know, is peculiar to themselves. In Patna 
it is common, and the machine when thus propelled, is named the Picotah. 

Near the well or tank, a piece 
of wood is fixed, forked at the 
top ; in this fork another piece of 
wood is fixed to form a swape, 
which is formed by a peg, and 
steps cut out at the bottom, that 
the person who works the ma- 
chine may easily get up and down. 
Commonly, the lower part of the 
swape is the trunk of a tree; to 
the upper end is fixed a pole, at 
the end of which hangs a leather 
bucket. A man gets up the steps 
to the top of the swape, and sup- 
ports himself by a bamboo screen 
erected by tlie sides of the ma- 
chine.” Ho plunges the bucket 
into tlic water, and draws it up by 
his weiglit; while another person 
stands ready to empty it. In the 
volutne of plates to thcj Paris edi- 
tion, IBOG, of Sonnerafs V'oyages, 
the machine is represented rather 
different from the above. Tlio la- 
N<). :)7. 1‘icotah of Hiiuioatan. boror alternately steps on and off* 

tlui swape, from a ladder or stage of bamboos erected on one side of it 
Se(^ plat(! 23, Sonnerat. 

Plui apparatus and mode of working it, is more fully described in the 
following extract from *Shoberl's Hindostan in Miniature.* “.By tlio side 
of tlui well a forked piece of wood, or even a stone, eight or ten f(‘et 
high is fixed upright. In the fork, is fastened by means of a peg, a l>eam 
thr<‘e times as long, which gradually tapers, and is furriiahed with steps 
like those of a ladtler. To the extremity of this long Ixnnn, wliich is ca- 
pable cjf moving up and down, is attached a pole, to the end of which is 
siiHptmded a large Icuither bucket. The other end being the heaviest, 
wlum the machine is left to itself, the bucket hangs in the air at the height 
of twenty feet ; but to make it descend, one man, and sometimes two, 
mount to the middh^ of the h(>am, and as the^ approach the bucket, it 
sinks to die !)ottom of the well, and fills itself with water. The men tlum 
move back to the opposite end, the bucket is raised, and another man 
(‘rnptics it into a liasin. This operation is performed with su(ih ctderity 
that the water never ceasea runningj and ^ou can scarcely sec the man 
moving along liis beam ; yet he is sometimes at the height oi twenty 
at others, touching the ground; and such is his confidence, that he 
laughs, sings, smokes, and eats in this apparently ticklish situation.** Vol. 
‘v, p. 22, 24. This mod (5 of applying human effort, was early adopted in 
the working of pumps — a piston rod being attached to each end of the 
vibrating beam. Dr. Lardner, has inserted a figure of it in his popular 
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treatise on Pneumatics. It is figured in most of the old autliors, 
most likely, copied from the Picotah, and other oriental machines 
have been propelled in a similar manner from very remote tim' 
Gregory’s Meehan. Vol. ii, 312. Ed. 1815. 

The Swape is one of the ancient and modern implements o 
where it is used, as in Egypt and India, for the irrigation of lan< 
frequently made to turn in a socket, (or the post itself moves ro 
addition to the ordinary vibratory motion. In several situations, 
decided improvement, as the vessel of water when raised above : 
of a tank or river, can, if desirable, be swung round to any pa 
circle which it describes. Sir George Staunton, has given a figi 
which Mr. Davis has copied into his popular v/ork on the Chinese, 
thus constructed, it is according to Goguet, (Tom. hi, Origine d( 
identical with the engines mentioned by Herodotus, B. ii, 125, 
ployed in the erection of the Egyptian pyramids; these, he suppo 
portable swapes, or levers of the first order, with a rotary mover 
those of the Chinese. A number of these being placed on th< 
tier of stones which formed the basis of the pyramids, were used 
those which form the second tier ; after which, other swapes wer 
on the latter and materials raised by them for the third range, an 
manner to the top. This was the ^process which Herodotus s 
adopted. M. Goguet, supposes that two swapes were emp! 
raising every stone, one at each end, and that the levers were d 
by a number of men laying hold of short ropes attached to them 
purpose. This mode appears to accord with the meagre descripti 
machines used in the erection of the pyramids, which the father c 
has given. 

It has already been observed, that the engines employed by Arc 
to destroy the Roman ships in the harbor of Syracuse, were so anal 
the swape, as to elicit from Marcellus, an observation to that effect, 
machines similar to it, were used by ancient engineers both for attac 
defending cities. Vegetius, says they were used to raise soldiers tc 
of walls, &c. In the oldest translation of his work, (Erfiurt, 151 
is a figure of it, which is identical with the Chinese swape, and 
which Goguet supposes was used by the old engineers of Egyj 
baro, in his edition of Vitruvius, also figures it. In Rollin’s 
Sciences of the Ancients,’ are several examples and figures of it, 
to the purposes of war ; and among others to the destruction of 
man vessels before Syracuse. 

A story in the 'Hegiat al Megiales’ shews how common it was i 
in the seventh and preceding centuries. Mahomet in one of hii 
of paradise, “saw a machine much used in the Levant for 
water out of wells, called by the Latins Tollcns, and consisting c 
lever fixed on a post, [i.e.the swape.] Enquiring to whom it belc 
was told it was Abougehel’s, (the bitterest enemy to him and his i 
Surprised at this, he exclaimecl, ‘ what has Abougehel to do with 
he is never to enter there 1’ Shortly after, he understood the dri; 
vision, for the son of his enemy became a Mussulman, upon whic 
claimed ‘ Abougehel was the swape, by which God drew up his i 
the bottom of the pit of infidelity.’ ” It is used by the Japanese ; 
gured by Montanus, the bucket is raised by pulling down the opp 
of the lever by means of cords attached to it. 

In Fisher’s “ Constantinople, and the Scenery of the Seven Chi 
Asia.” Lon. 1839, is a beautiful view of the city of Magnesia net 
•Sipylus, in Asia Minor, a city founded by Tantalus, whose fablec 
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ment has rendered his name notorious. In the foreground is represented 
the following figure of the swape, a machine which the writer observes, 

“forms a conspicuous object 
V,. in every landscape in the east. 

' - One is seen erected in every 

garden, and as irrigation is 
constantly required in an 
arid soil, it is always in mo- 
tion, and its dull and drowsy 
creakingis the sound inces- 
santly heard by all travelers.’^ 
In this figure we behold 
not merely a sketch of mo- 
dern Asiatic manners; but 
which as regards rais- 
ing of water ; the machine 
by which it is effected ,* 
animals around it ; costume 
"'y of the individuals ; and por- 
' traituro of rural life, — has 
remained unchanged from 
times tliat reach- back to the 
y. infancy of our race, and of 
which history has preserved 
no records. 

[For this interesting cut, 
and for No. 35 also, lam in- 
debted to my friend William 
E VERB ELL, Esq. who, be- 
sides other contributions to this work, undertook the task, to him a novel 
one, of engraving them,] 

The swape has probably been in continual use in Great Britain, from 
the period of its subjugation by the Homans, if not before. It is there 
known under the various names of ^ Swape' * Sweep' and in old authors, 
‘ Swi 2 m' A figure of it, as used by the 
Anglo-Saxons, is here inserted, from 
Vol. i, of the ‘ Pictorial History of 
England,^ copied from an ancient ma- 
nuscript in the .British Museum. The 
costume of the female, her masculine 
figure, the shingled well, and form of 
the vase or pitcher, arc interesting, as 
indic-ative of manners and customs, &c. 
of former ages. The arm of the lever to 
which tlic bucket is suspended, appears 
(‘Xtrcniuily short, hut this is to be attri- 
bntiul to its defective representation. 



No. 38. Swnpo in Asia Minor. 


Th(* following summary of ancient Brit- 



ish (h‘vices is from Fosbroke’s Encyclo- ' 
pedia of Antiquities. “ The Anglo- 
Saxons liad a wheel for drawing water 
from wells. Thciy were common annexations to houses. 


No. 3D. Anglo Saxon Swape. 


Rings 


100 


Old German Swages. 




buckets one at eacli end of a cbain adapted to a versatile engii 
volgolus. Buckets with iron hoops, and drawing water from de 
as a punishment.*’ The swape appears to have been the princ: 
chine in England for ^-aising water till quite recent times. In 
century it was used in manufactories, and is not yet, perhaps, wl 
perseded by the pump. Bishop Wilkins, in speaking of the leve 
application by Archimedes in destroying the Roman fleet, says, 
the same form with that which is commonly used by hretvers and < 
the drawing of water. It consists of two posts, the one fastened 
dicularly in the ground, the other being jointed on cross to the to 
Mathemat. Magic. B. i. Chaps. 4 and 12. This was published in 1 
1736, Mr. Ainsworth published his celebrated Latin Dictionary, 
der the word RacJidmus, * a truckle or pulley used in drawing up 
he adds, perhaps not unlike the sweep our hr ewers me henci 
time, it continued to be used for raising water and transferring 1 
English breweries and similar establishments, as remarked by Wi] 
hundred years before. 

In Germany it was fre 
and still is, a prominent o 
country towns and villages, 
as in farm yards. In the f 
was frequently erected on, o 
end of bridges for the pui 
raising water from rivers and 
In the famous Nuremburgh C 
it is frequently figured. Fr 
riety of different forms, v 
selected No. 40, as a specimi 
In the Cosmography of S 

No. 40. Swapo. From tho Nuremburgh t\/| i rrrA 

Chronicle. A. D. 1493. Munster, 1550, It is repres 

page 729, as employed foi 
water to supply, by means of pipes, a neighboring town. Agi 
his De Re Metallica, has also figured it. pp. 443 and 458. 




No, 41. Swape from S. Munster’s Cosmography. 1550. 



The Swape was very common in France and the neighboring 
on the European continent, in the last and preceding centurie 
named hasacle in France. The old Dictionnaire de Trevoux, says 
Les bascules les plus simple, sont celles qui ne consistent qi 
pidce de bois soutenue d’une autre par le milieu ou autrement, 
d’un essieu, pour &tre plus au moins en dquilibre. Lorsqu’on 
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nn cles bouts Tautre hausse. Ces sortes de bascules sont les plus com- 
munes; on s’en sert pour Clever des eaux. The last sentence is believed 
to be applicable to every part of Europe at the present time, perhaps 

We subjoin a description of one 
proposed by J ames Besson, a French 
mechanician, 270 years ago, by 
which two buckets, one at each end, 
may bo used. As the vibration of 
the beam is ingeniously effected by 
a continuous rotary movement, a 
figure of it will be acceptable to the 
intelligent mechanic. 

The lever is suspended at the 
centre of its lengtli, on a pin which 
passes through the lower part of the 
perpendicular post, the upper end 
of which is firmly secureti to the 
frame and cross piece. A perpen- 
dicular shaft is placed immediately 
under the lower end of the post and 
in the sanu^ vtu'tical liiu^ with it. The 
upper journal of tlic^ shaft enters and 
turns in the end of the post, while 
its lower orn^ is r(‘ceiv(ul Into a cavity 
in tlie block upon which it rests. This shaft forms the axis of an inverted 
cone of fra,m(^-work — a section of which, restnnbling an hypi^rbolic curve, 
acts as it rcjvolves on the nnder side of the swapt^, a,ud imparts to it tlio 
reejuired movenumt. To hmseu tlui friction, two long rollers arc fixed to 
its undc'r side, and upon these only does the curved edge of the cone act. 
The shaft may of course be turned by any motive power. In the figure, 
a horizontal water wheel is attached to the shaft, with oblique paddles 
which nuunve tho impulse of the stream in which they are placed. This 
de,vi(u^ may serve as an example of mechanical tact and riisoure.o in tlie 
early part of the 16th century, when practical mcjchanics began to be cul- 
tivated as a scuuice. 

Th(5 swape is commonly used by the farmer's on this (M)ntin<*nt, in the 
vicinity of whose dwellings it may be stum, inovo or h\ss, from the St. 
Lawrmicii to th(‘. Mississippi. In some of the states, it still bt^ars the old 
English nanui of the ‘ swticp’ as in Virginia — iti otlKU-s it is named the 
*balanc(^ pole/ It prtivails in Mexico, Gimtral Am(‘ric,H, Peru, Chili, and 
gmierally throughout the southern continent. ThtutJ is Hoin(5 uncivrtainty 
riispiicting its having been known luirii hefort^ the arrival of Kuropoans In 
the 16th cmittiry. Sec^ remarks on Ancient American Machines in llu; 
last chapter of this book. 

The swapet appears to havi’s beim uscul in all times, for s^anhms 

in the east, as already obsiirved of Asia Minor, it is then^ s(‘(*n ercaUed in 
almost every <me. Nt). 43 represtmts it employcal in tiu; gn,rd<nia of 
Egypt dtiring the sojourn of the I.sratdltes in that country. The tree and 
plant are, uniform liitu'oglyphical representations of ganhms. 

The labourer discdiarges the contents of his buckiU into a wood- 
en trough or gutti^r, by wlilch th(% water is conveyed to the plants ; 
a mode still followed thrf)ugh all the east. 'Ih> this application of the 
swape th(‘r(^ is jirobably a reference in the pnuliction of Balaam, delivc^r- 
ed one hundred years after thes(j figures wijre Bculptured, * he shall pour 
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water out of liis buckets, and bis seed shall be in many waters, (I 
xxiv, 7,) an intimation that tbe Israelites should possess a country, ' 
this great desideratum should be in comparative abundance, a land 
tered as a garden of herbs.” The figure may serve also to illustra 
‘ gutters and watering troughs^ in which Jacob watered the flocks c 
ban, his father in law. Gen. xxx, 38. 



No. 43. Egyptian Shadoof employed in -watering a garden. 1550, B. C. 


The luxuriance of vegetation in an eastern garden, (when properly ’ 
ed,) the richness of its scenery, the beauty of its foliage and flowers 
one of the most enchanting prospects in nature ; hence it became th< 
favorite, as it was the most natural, metaphor of human felicity, 
the prophets promised prosperity, it was in such language as the folio 

Thou shalt be like a watered garden, and like a spring of water 
waters fail not,” and “ their soul shall be as a watered garden.” < 
contrary, when the v/icked were denounced, “ ye shall be as £ 
whose leaf fadeth, and as a garden that hath no water.” The san 
taphor is a frequent one in ancient poets, and in most instances the 
the swape is implied. Thus Homer ; 

As when autumnal Boreas sweeps the sky. 

And instant blows the watered gardens' dxy. 

And Ovid : 

As in a watered garden's blooming walk. Met. x, 277, 

Pliny mentions it expressly for the same purpose, and to it J 
seems to allude in his third satire: 

There from the shallow well your hand shall pour 

The stream it loves on every opening flower. 

This use of the swape is not now confined to the gardens of fallen 
Egypt and Greece, but it is employed by the most enlightened n£ 
and in London and in Paris, as in Athens and Alexandria, Mempb 
Thebes, this primitive implement has not been superseded. In B 
China, Lon. 1834, the Chinese swape is described ; and the autb 
serves, it is similar to those which are seen in the mar'ket gardens 
London and in a more recent work, ^ Scripture illustrated from 1 
ian Antiquities,’ the author speaking of the Egyptian swape, says, il 
same as used in the gardens of Brentford. 

Of the swape, it may be remarked, that the most ancient port 
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it was in all probability a very old aflair, and in common use. These 
sculptures moreover prove, that it has remained in Egypt unaltered in its 
form, dimensions, mode and material of its construction and luethods of us- 
ing it, during at least thirty-four centuries! and tliis, notwithstanding the 
pt)litical convulsions to which that country luis ever beem siil)jc^ct, siiicc\ its 
conc|uest by Camljyses ; its inhabitants liaving b(‘en siu'cessively under 
the Persian, CTrecla.ii, Homan, Saracenic, and Turkish yoke, tlius literally 
fuliilling a proph(H;y of Ezekiel, that, “ there sliall be no longtir a julnce 
of the land of Egypt,” — a descendant of its ancient kings ; yet tlirough 
all these mighty revolutions that have swept over it like tlu^ fatid Simoon, 
and destroyed every vital principle of its ancient gnLiuhnir, this simple 
machine has past through them all unchanged, and is still applicnl ])y the 
inhabitants to the same purpose's, and in precisely the same way, for which 
it was iisenl by their more enlightened progenitors* 

We have scum it usedl)y the Greeks and Homans, and wo find it still 
in the possession of their descendants, wherever they dwell, as well as 
among tliose of more ancient ]>eople, the Hiiuloos, Arabs, and Chinese. 
And although we may be unalihi to keep it constantly in view in Murope, 
in thoB(i ages which imnuHiiately followed the fall ol' the Roman power, 
wlum the ferocious tyranny of tlie 8aruc(‘ns established a dc‘sj)otism over 
the mind as widl as the body j and Iiy the characteristic zeal of Omar, 
(Uitailed ignorance on tluj future, by consuming tiu' vm-y souret^s of kiu>w- 
ledge und(;r the baths of Ahuxandria ; y(‘t., wh(*u in tiui loth camtury, tlu' 
human intii‘lU^(*,t la'gau to shake olV tlu^ hnlnirgy, whidi during tlu' lung 
night of the dark agt\s ha.d jiaraly/aal its <mm'gi(‘s, a.iul print } was iutro- 
(Uicial — that mighty art whlcli is ordaimal to sway tlu^ destinit'.s of our 
rac.(i fon'vtM*— -among tlu‘. earliest of jirinUnl la^oks, with illuHtratioim, this 
int<n'esting iiuphnmmt may b(^ found portni^ml in vip;ne/leSf in views of 
tvV/V.v, and rural life ; tangibh^ proofs of Its universal usts throughout 
.hbiroptMit that time, as well as dtinng the preceding ages. 


1 laving ndt'rnul in thi.s and in a preetuling chapt(U% to tlu^ ‘ Malliematical 
Magic/ of Wilkins, we subjoin some nmiarks on tlu^ nuudianical spi'cula- 
tions of that and other old church dlgnitari(*s. |'I'lies(‘ remarks wtun' at 
fir.st dt^signed for a note, but havc^ beem too far (‘xuuuhnl to la^ ins(‘rt<al a.s 
oiui.J The former was certainly one of the most ing(‘uionH and imaglnalivu? of 
mechanics tliat cw(‘r was made a bishop of, n.nd not a f’e.w havt‘ worn tiu' 
mitn*. *The R.ight Rewerend Fatlicu* in God, John, Jmrd Bishop (d* 
Gli(*sf.(u*,’ (lik(5 friars Bacon and Bnngey, the Ji^suit Ivirclier, tin? Abla^ 
Mical, and a host of otluu-s,) excelled ecjually in m(H'lianu‘al and theologi- 
cal science ; and at one period of his re.st*arches in the former, stHuiual 
almost in dang(U’ of remhuang the latter superfluous: viz. by developing 
a plan of convt'ying men to other worlds by machinery! Bee his Tract, on 
on tluj M)isc.overy of a New World in, the Moon, and the possibility of 
a passage thitluT.^ Lon. l{)38. After removing with a, facility truly de- 
lightful, t]iostM>bjt‘ctiens to such a ‘passage’ as arist^ from tln^ ‘t^xtrtmai 
coldness and thinn<‘SH of the etherial air,’ ‘the natural heavim^ss of a man’s 
body,’ and ‘ th<i vast distance of that place from us,’ and thi* con.se(|utmt 
imcesHity of rest atid [irovisions (luring .so long a journey, there b(‘ing, m 
lic^ (d)Sitrvt*H, ‘no inns to (mtertaiu passengers, nor any easlh's in tin; air to 
rc'ctnvti poor pilgrims’ — he [jroposes thn*e moth's of acc.omplishing llu^ 
object, 1. By tlie application t)f vc//?xfA* to the body ; ‘as angtda arc? pic- 
tured, as Mercury and Diedalus are fc?ign(;d, and as ha.s bt^cm attempted 
by divcjrs, particularly by a Turk in (Jonslanlino[dts, as BuHht?<|iiiu8 re- 
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lates. 2. By means of birds, for as he quaintly says, If ther 
a great rude in Madagascar, as Marcus Polus the Venetian men 
feathers in whose wings are twelve feet long, which can scoop r 
and his rider, or an elephant, as our kites do a mouse ; why 
hut teaching one of these to carry a man, and he may ride up t 
Ganymede did, upon an eagle.” 3. Or, “if neither of these ■ 
serve, yet I do seriously, and good ground, affirm it possibL 
a Jhjmg chariot, in which a man may sit, and give such a motion 
shall convey him through the air ; and this perhaps might be mi 
enough to carry diverse men at the same time, together with 
their viatiemn, and emmnodities for traffic^ The construction 
chariot, he says, was 'no difficult matter, if a man had leisure 
more particularly the means of composing it.’ It is to be regr 
he did not pretermit some of liis labors for that purpose, especia 
project was not merely to skim along the surface of this planet, 
dern aeronauts, or ancient navigators creeping along shores — but 
ther Columbus, to launch out into the unknown regions of space, 
of other worlds. 

Had Wilkins been a countryman as well as a contemporary o 
his aerial flights would have been confined to a dungeon, and t 
of* his genius would have been effectually clipped with Roma 
Indeed wo must admit that he was the greater sinner of the 
Galileo merely taught the absurd doctrine of the sun’s stability, 
the earth moved round it, in opposition to the evidence of his s 
the doctrines of the church, and in fiat contradiction of those pa 
the Bible, which Bollarmine adduced as proofs indubital)le, tha 
'rises ujP in the east evei-y morning, and 'goes dowi}) in the w 
niglit, and that the earth is established and ‘cannot be moved.’ 
tlu^ heretical bishop, endeavored to open a way by wdiicli ii 
visit otluu- worlds wdien they pleased, and that too, without cons 
so much as saying 'hyyour leave,’ to the successors of St. .Petci 

The earluist English aeronaut was Elmer, a monk of the 11 tl 
He adapted wings to his hands and feet, and took his flight; iron 
tower. He sustained himself in tlic air for the space of a furlon 
career, (like tliat of Dante in the fifteenth century) terminated 
nately, for by some derangement of his machinery lie fell, and 
legs wore broken i. Dante, after several successful experiments, f 
roof of a church and broke his thigh. 

It is a singular fact in the history of the arts, that mechanical 
in former times intinnitely connected with ilirological |)nrsuits, 
.some of the (dever(‘Ht w’orkmeu wuiro ecedesiu, sties, and of tin 
grades too; witness (lerbert, Dunstan, Alhertus, and maaiy othc 
first was a Frtnich iu(H;hanlcian of the 10th century, wdioso r 
led him at that (nirly jxnuod, to experiment on sUnim, and on its a] 
to produce music, llij was successively archbishop of Rheiros 
verma, and in 1)09 took his seat in St. Peter’s (diair, and was a 
to the world as Po|>t‘ Sylviister 1 1. It may now^ appear stn 
monks and friars, abbots, bishops, archbisliojis and popes, sliould 1 
among the chief cultivators of, and most expert manipulators ir 
and that to them wo are gniatly indelited for their |)r(jservation 
the dark ages ; hut, in those times, it was so far from being c< 
derogatory in ecclesiastics to w'ork at ' a traxle,’ that those who did 
accounted unworthy members of the church ; hence monks we 
carpenters, bakers, farmers, turners, founders, smiths, painters, 
copyists, &c.; all had some occupation, besides the study of thei: 


irf JBjCclcsiastics. 
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duties. “In that famous colledg*, ourmonasterie of Bangor, in which there 
were 2100 Christian philosophers, that served for the profit of the people 
in Christ, living by the labor of their hands, according to St. Paul’s doc- 
trine.”*^ This was in the 5th century, when JPelagins belonged to the 
same monastery. In the 7th, “almost all monks were addicted to manual 
arts,” and according to St. Benedict, such only as lived by their own la- 
bor, “were truly rnonks.”^ They made and sold their tvares to strangers, 
for the use [benefit] of their monasterie, yet somewhat cheaper than others 
eold.”*^ Many of these men naturally became export workmen, especially 
in die metals — a branidi of the arts that seems to have been a favorite one 
with them ; hence, the best gold and silver smitlis of the times were often 
found in cloisters j and the rich ‘boles, cups, chalices, basons, lavatories 
of silver and gohl, and other precious furniture’ of the churches, were 
made by the priests themselves : — It may be a question, whether they 
were not right in thus combining mental and physical employments j as 
a compound being, manual labor seems necessary to the full development 
of man’s intelli'ct, and to its healthy and vigorous exercise, Dimstan, 
Archbishop of Chinterbury in the 10th century, was skilled in metallurgical 
openitions — lu^ was a working jeweler, and a brass founder. Two large 
bidls for tlie church at Abingdon were cast by him. He is said to have 
be(m die inventor of the Eolian harp, an instrument whose spontaneous 
music inducc'd the people at that dark ago, to consider him a conjurer— - 
hence the old lines — 

St. Dunstan’s harp, fast Iiy tlio wall, 

Unou a pill did hang — a; 

^rhci harp itsidf, with ty and all, 

Untourhal htj hand <lid twang — a. 

Tlu^ genius of some led tlumi to cultivat<5 architecture. Cathedrals and 
oduu' buildings yet (vxtaut, atti^st their skill. Of celebrated architects in 
the lith cenuny, Wiu*e Blauritius, bishop of London, and Oundulydim, 
bishop of Jb)clu‘8ter. The lattm* visited the Holy Land previous to the 
crusadt^s, aiul is said to havii been one of the greatest builders, aud the 
tnost eminent castle architect of his age. In the Towers of London and 
Uochestcsr, he left specimens of his art. At page G2, wo ref u'red to the 
remains of a castle Iniilt by him, aud to his modii of prouudlng dus well, 
and raising the water to the difleront floors. In die i2th (umtury, theses 
reverend artists wen? numerous. In England, werii Roger, bishop of 
fialisbury, and Ernulf, his sucetjssor — AU^xandtn* of Lincoln — Htmry Do 
Blois of Winchester, and Roger, of York ; all of whom hdf; remarkable 
proofs of their proliclency as builders. In Franc(% ‘in Huudry times the 
tu:clesiaHdc;s piu'fornuul carving, smelting, painting, and vntmdc.^ Leo, 
blsliop of Tours in tlu^ 6di century, ‘was a great artist, espiuiially in ear 
jmitryJ St. Eloy was at first a sadler, tlum a goldsmith, and at last 
bishop of Noyan ; he built a monastery near Idmog<^8, Init be was most 
noted ibr shrines of gold, silver, and precious stone.s. He died in (iG8. 
The (hnrch of Notni Dame de.s lines, in Flanch^r.s, was bt^gun by l,h(;rn‘, 
the 7tli abliOt, and completed in 12G2, by Theodoric. ‘Tlie whohi eliunlt 
wa.s built by thc‘ monks tliemselves, assisted by the lay brodKu*s and their 
servants.’*^ 

Luther was accustomed to and kept a lathe in hi.s houses ‘in 

order to gain liis livelihood by hi.s hands, if the word of Cod failed to 
support him.’ 


« Moiawtichon Britannic, ma, Lon. 1G55. p. 40. ** lb. 2GB. « lb. 301 

^Kd. Eiicyc. Art Civil Architocturo. 
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Those in whom the ' organ of constructiveness/ or invention was prom- 
inent, produced among other curious machinery, sneaking heads, images of 
saints, These, it is believed, were imitations of similar contrivances 
in heathen temples. The statue of Serapis moved its eyes and lips. The 
bird of Memnon flapped his wings, and uttered sounds.^ It is to be re- 
gretted that no detailed descriptions of these, and of such, as were used 
in JEuropean churches previous to the reformation, have been preserved. 
An account of the ingenious frauds of antiquity would be as valuable to a 
mechanician as it would be interesting to a philosopher. It would in all 
probability develope mechanical combinations both novel and useful ; and 
would include all the mechanism of modern androides ; and most of the 
deceptions to be derived from natural magic. 

A famous image known as the Roode rf Grace, is often mentioned by 
English historians. A few scattered notices of it are worth inserting. 
Speed in his history of Great Britain, (page 790,) says “ it was by divers 
vices [devices] made to how down, and to lift up itselfe, to shalce, and to 
stir hoik head, hands, and feet, to rowle its eyes, moove the lips, and to hend 
the hroiosy It was destroyed in Henry Villas reign, being “ broken and 
pulled in pieces, so likewise the images of our Lady of Walsingham 
and Ipswich, set and besprinkled with jewels, and gemmes, with divers 
others both of England and Wales, were brought to London, and burnt 
at Chelsea, before the Lord Crumwell.’’ In the life of the last named in- 
dividual some further particulars of it are given, and which explain the 
mode of operation. Within the Roode of Grace, a man stood inclosed 
with an hundred wyers, wherewith he made the image roll his eyes, 7tod his 
head, hang the lip, move and shake his jaws ; according as the value of 
the gift o&red, pleased or displeased the priest ; if it were a small piece 
of silver, he would hang the lip, if it w^ere a good piece of gold, his chaps 
would go merjily,^’ &c. Cromwell discovering the cheat, caused the 
image “ with all his engines to be openly showed at Paufs Cross, and 
there to be torn in pieces by the people.’’ Clarke’s Lives, Lon. 1675. 
It would have been a dangerous practice to have employed intelligent 
‘ lay craftsmen’ in making machines like this, or to have engaged them in 
‘ pulling the wires.’ The shrine of Bechet showed great proficiency in 
some of the arts. It did abound with more than princely riches, its 
meanest part was pure gold, garnished with many precious stones, as 
JSrasmus that saw it, hath written ; whereof the chiefest was a rich 
gemme of France, olfered by king Lewis, who asked and obtained (you 
may be sure, he buying it so deare) that no passenger betwixt Dover and 
Whitesand should perish by shipwracke.” The bones of Becket were 
laid in a splendid tomb. ‘‘ The timber work of his shrine was covered 
with plates of gold, damasked and embossed with wires of gold, garnished 
with hroches, images, angels, precious stones, and great orient pearles ; all 
these defaced filled two chests, and were for price, of an unestimable 
value.” A catalogue of the miracles wrought at his shrine filled two folio 
volumes 

<^860 Kircher’s Musurgia Universalis, Rome, 1650, Tom ii, p. 413, for an ingenious 
figure of such an automaton. 

^ Accounts kept Churchwardens previous to the reformation often exhibit curious 
information in relation to the repairing, replacing, and clothing of images, and to the 
sale of damaged or worn out ones, as appears by the following extracts from ' A boake 
of the stuffe in the cheyrche of Holbeche sowld by Cheyrehewardyna of the same, ac- 
cording to the injunctyons of the Kynges Magyste, A. D. 1447.^ The Trinity with the 
Tabernacle, sold for two shilling and fourpence. The Tabernacle of Nicholas and James 
for six shillings and eight pence. “All the Apostyls coats and other raggs," for eight shil- 
lings and four pence. And in 1547, “ XX score and X hund, of latyn, at ii. s. and xi. d. 
the score.'’ This item probably consisted of brazen utensils, images, &c. sold for thehf 
value as old metal. Stukely’s Antiquities. London 1770, page 21. 




107 


Chap. 13.] Sj)eaJci7ig Tubes. 

Other devices, less complex than the Roode of Grace, Imt when adroitly 
managed, e(]ua,lly effective and imposing, consisted in the application of se- 
cret tubes, tliroiigh which sound might be convoyed from a person at a dis- 
tance. Sornetirries the accomplice was concealed in the peclc'stal, or in the 
statue itself, or in the vicinity. “ Tlie craftiiu^sse of the lncha,nt(‘rs, (observes 
Peter Martyr,) led them to erect images against wallcs, and gave answer 
through lioles bored in them ; wherefore the people were marvtdlouslie 
amazed when they supposed the images spake. There were dailu^ woon- 
ders wrought at the images wlierel>y the sillie peo|)le were in smulriewise 
seductul.”** It was by a trick of this kind, that Dunstmi coiifounded Ids 
adversa.ri(.‘s in an important discussion — the crucifix hanging in the church 
open(‘(l its mouth and dt‘cided the tpiestion in his favor. Numerous exam- 
ph^s of more r(‘cent tinu's might be given. We add one from Keysler’s 
Ti*av. V"ol. i, 118 : A monk having made a hole tlirongb a wall, behind an 
image of the Virgin, ^placed a tu>ncealed tubci from it to his cell; and through 
it ca.iist‘<1 tlu5 image to utter whatever lie wished the people to believe.^ l^y 
such tubes Figiirtis of tlie Virgin have. re[)eatedly declared lier wishes, 
saluted her worshippers, and returned tlieir compliments. It was by the 
same device tiiat several statues of heathen deities {icrformed prodigies ; 
that of Jupiter for example, which burst forth into loud fits of laughter. 
Missonhs Trav. Vol. ii, 412. 

Within anciiuit temple.s, says Fosliroke, was a dark inUnior, answering 
to the (dioir of nuxhjrn cathedrals, tlui IVniHralCy into wlilc.h th^^ |)(‘ 0 ])le 
wer<^ not permitUal to <uit(n\ Wlum tlu‘ time of sa.crllic.ti arrived, the, 
jiriest optuuxl the doors tha.t th<‘ ])<;opl(; might stu* altar and viclim; 
for only thc^ prii*Mts and prlviU^gtul ]Hn'sons tmUuHul into the i. e. into 

Interior. Sonn^ ttnnplc^s admitUal light only at th<^ door, for durkiuLHs was 
dettnuxl a most powerful aid to supcntstltion. “The peaturaleof the tem- 
ple of Isis, a.t ihimpeii is a small pa,vilion, raised tipou steps, undi^r which 
is a vault, that may luive servcul hu* oracuhu* impositions. A shrine of 
this kind is still otien for insjitiction at Argos. In its original state it had 
beam a ttnnple ; the further part where the altar was, iK^ing an (‘X(*avatioa 
of tlm rock, and tht^ front and roof construcUal of baktul tlh‘s. The altar 
yet remains and part of the fictile 8Up(?r.strucU,ure, but the most, remarka- 
l)le thing is a secret subterraneou.s passage l.(u*minating the aUd'^ 
its entrance being at a considtu'ables distance^ towards the right of a |K‘rson 
facing the tdtar, and so cunningly <*.ont.nved as to liavt^ a sitiall a|H*rture, 
easily conciuiihHl, and level with the siuTace (if the rock. This was bandy 
largo cuKiugh to a<lmit the cmtrance of a single person, who could creep 
along to the back of the altar, wliere lading liid by sonus colossal statue, or 
other screen, the sound of his voice would produce a most impo- 
sing (iffect among the listtming votaritis.’^ Antup 33. It is a curious 
fact tliat <;onJurt‘r.s and chitds among Amerlca.n Indians, were found 
to pracllcej similar cheats. In St. Domingo, some Spaniiirds linvlng 
abruptly entenxl tlu! cabin of a caclqms, they wens aHtonlslKal to lusir an 
idol apparently speaking (in the Indian tongnie) with gnau. volnbilit.y. 
Suspecting the nature of the imposture, they broke the image, and dis- 
co venal a conceakxl tubeg wldudi jiroceeded from it to a. dista,nt cormu’, 
where an Iialian wa.H hid umhu* some lea.ve8. It was this man, sprsiking 
through the tuins lluit nuuh^ tlu^ ulcd nUtu*, whatev(‘r luj wished the luiar- 
ers to bfdiev(n Th(^ Caeujue praycul tht‘ Spaniards to Inuq) tint trick 
fiecnit, as it was IjJ it, that he scicured tiibiiU^ and kept his ptM)ple in sub- 
jection.*’ 
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Anotlier device adopted by ecclesiastics, for subduing tbe tu 
passions of their ignorant people, and exciting in them feelings of 
lor the church, was by making images of the Virgin and of Ch 
weep, and sometimes to sweat Hood, &c. These effects being, of 
represented as the result of their impenitence. ^ The fathers of 
Vaccino made the wooden crucifix sweat that was fastened to tl 
of their church ; through which they had a passage for the water 
into the body of the crucifix, wherein they had drilled several po 
that it passed through in little drops.’ De La Mortraye’s Trav. Vc 
This was a staple trick of heathen priests ; hence Statius, in his T 
B. ix, V. 906, represents the statue of Diana w’eeping. 

For tears descended from the sculptured stone. 

And Lucan, 

The face of grief each marble statue wears, 

And Parian gods and heroes stand in tears. 

In the temple, of the great Syrian goddess at Hierapolis, wer 
that could ‘move, sweat and deliver oracles as if alive.’* Amc 
cient clieinical deceptions, the liquefaction of St. Januarius’ blood, 
performed; and once a year, all Naples is in suspense till the mi: 
accomplished. We shall have occasion to notice other ingenious 
devices for the same purposes of delusion, in the fourth Book, wher 
ing on the application of steam to raise water. 

Although the monks present lamentable examples of misdirected 
and misapplied time, their labors tended to the general progress 
.finement and learning. We may regret that unworthy spirits amor 
abused the superstitions of the times . to their own advantage — ir 
the statesmen and j)rlests of antiquity, in making the oracles deck] 
they wished ; still, they were the only lights of the dark ages, an 
their introduction of images of saints, &c. in place of the pagai 
contributed in the end to the overthrow of idolatry, and was perh 
only condition on which the barbarous people, could be induced 
up their ancient deities. ‘It can hardlie be credited,’ says Peter 
‘ with how greate labor and difficultie, man could be brought from t 
shipping of images.’ 

Another class devoted themselves to writing and copying, that is 
art of multiplying books ; and their industry and skill have neve: 
and in all human probability, never will be surpassed. The beau 
formity and effect of their pages, are equal to those of any printed ' 
The richness of the illuminated letters, the fertility of imaginati 
played in their endlessly variegated forms, the brightness of the 
and gilding, and the minuteness of finish, can only be apprecie 
those who have had opportunities of examining them. We ha's 
some in which the illustrations equalled the finest paintings in min 
In a literary and useful point of view, the labors of these men are 
all praise. They were the channels through which many valuable 
of the ancients have been preserved and transmitted to us. And 
gards the arts, both ornamental and useful, the monks were at oi 
almost their only cultivators. 


a Univer. Hist, i, 373. 


^In the Library of John Allan, Esq. of this 
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CHAPTER XIV. 

Wheels for raising water — Machines dcactibed by Vitruvius — Tympanum — I^a Faye’s improve- 
ment — Scoop Wheel— Chinese Noria— Homan do. — ^Egyptian do. — Noria with Pots— Supposed origin of 
Toothed WluKjls — Substitute for wheels and pinions — ^Persian Wheel : Common in Syria — Largo ones 
at Hamath— Various modes of propelling the Noria by men and animals — Karly employment of the lat- 
ter to raise water. Antiejuity of the Noria — Supposed to be the ‘Wheel of Fortune’— An appropriate 
emblem of abumlance in Egypt — Sptunx — Lions’ Heads — ^Vasos — Cornucopia — Ancient emblems of 
irrigation— Medea : InvontroHsof Vapor Baths— Ctosibius — Metallic and glass mirrors — Barbers. 

Having examined such devices for raising water, as from their sim- 
plicity liavc been generally unnoticed in treatises on hydraulic machines, 
we proceed to otlusrs more conqdex ; and first, to such as revolve round 
the centrtis from which they arc suspended, and which have a continuous 
itistead of an alternating motion. Although differing in tfieso respects and 
in tlieir form, from the jantu or vibrating gutter and the swape, thi^y will be 
found essentially the same ; tbeir ebange of figure being more apparent tban 
real, and nunxdy conscepumt on tlie new movement impa.rt(‘tl to them. As 
these ma(‘.hine.s are obviously of later dauu.liau the prectiding, it may per- 
haps be supposed, that the period of their introduction might lie ascer- 
tained; but so it is, that with scarcely an exception, the time whivn, place 
wh(U'(L and the p(u*sons by whom, tluiy were invented, are absoliitoly 
unknown. 

Although allusions to machines for rai.sing water are found in several 
of th(hr authors, it docis not appear, that any gcn<‘ral account or compre- 
hensive treatisii of them, was evt^r written by the ancients. If suen a 
work was executed, it ba.s perished in the general wre<;k of ancient re- 
cords. About the beginning of the Christian era, a Roman architect and 
engineer^ published a treatise on those professions, in whi<ili he inserted a 
brief description of some hydraulic engines. This is the only ancient work 
extant which treats professedly of them; and the whole* that relaUbS to them 
might be included in two P^tgea of this volume. 

The machines described b^ Vitruvius, for it is to him wo allude, are 
the Tympanum^ Noria^ Chain rf Pots, thc^ Screw, and the Machine of 
Ctesihius or Pump. He has not mentioned the jantu, .swape, tluj cord and 
bucket, with the various modes of using the latter; probalily, because be 
considered these too simple in their construction to be properly claB.sed 
among hydraulic machinery; he therefore passed by them, and modern au- 
thors have gc*.nerally followed his example. Notwithstanding the omission 
of these, there are circumstances which render it probable that bis ac- 
c«nmt, britif as it is, include.s all xkm principal machines that were us(*d by 
the nations of th(^ old world, if wo except China. He wrote at a period the 
most favorable for aetjuiring and transmitting to posterity, a p<u*f(Hit know- 
ledg<i of th<^ mechanic arts of the ancient civihsicd nations ; for he* flourished 
during the last scenes of tlie mighty drama, when Rorru^ liad liecorne the ar- 
bitress of the world, and the enlightened nations of thti <*a,st— thtdr wealth, 
learning, arts and artisans, were prostrate at her feet; .so that if w<* wore to 
stippostL absurd as it wouhl be, that the previous int(‘rcour.s(i of the Ro- 
mans with Asia Minor, Egypt, Carthage and Gretjcu*, had not made them fa- 
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The Tympanum. 

hence we infer, that if there had been in use in any of those 
(for some centuries previous to or during the life time of Vitruvii 
was an old man when he published his work ;) any efficient ma 
raising water, different from those he has described, it would 1 
known to the Homans, and would have been noticed by him. I 
he was evidently familiar with the inventions of the mechaniciai 
mer ages and frequently refers to them ; and as all the machines 
by him, were of foreign origin, and most of them of such high 
as to reach back to ages anterior to the birth of Homulus and tl 
tion of Home ,* we have no reason to suppose that any importan 
escaped him: to which we may add, if any useful machine for ri 
ter had originated with his countrymen, he would scarcely have 
record the fact. 

The tympanum consists of a series of gutters united at their 
to a horizontal shaft, which is made hollow at one end and plac 
higher than where the water is to be elevated ; the gutters are 
as radii, and are of sufficient length to extend from the shaft 
distance below the surface of the water, as represented in the ai 
agram. 

S, the shaft ; G*, G, the gutters ; A, 
to take away the water. The arrow 
the direction in which the wheel turns ; 
ter, as it revolves scoops up a portion 
and elevates it, till by the inclination t( 
it flows towards the latter, and is ( 
through one end of it. 

Were the machine made as thus repre 
of separate gutters and not connected to 
it coitld not be durable, as the weight 
raised at the end of each would have s- 
to break them at their junction with 
The ancients therefore made two sti 
of plank well jointed together, of the diameter of the intended w 
they secured on a shaft, at a distance from each other, propo 
the quantity of water required to be raised. Any number of 
titions (Vitruvius says eight) were then inserted in the directi 
between these disks, and were well secured to them, and ma< 
caulking and pitch. The spaces between them, at the circun 
the wheel, were also closed, with the exception of an opening 
admission of water to each ; and where each partition joined 
hollow channel was formed in the latter, parallel to the axis, thr( 
the water was discharged into a trough or gutter placed imme 
der it. The tympanum is obviously a modification of the jant 
or rather it is a number of them combined, and having a revolv 
of a vibratory movement. It is the first machine described by 
of which he observes, it does not raise the water high, but it 
a great quantity in a short time,’’ J3. x, Cap. 9. From its r 
to a drum or tabor, it was named by the Homans Tympa/nuTii. 

The prominent defect of the tympanum arises from the a 
always at the extremity of a radius of the wheel, by which its 
increases as it ascends to a level with the axis ; bemg raised at 
levers which virtually lengthen till the water is discharged ; 
There is no reason to suppose, that this defect if perceived at 
cient mechanicians, was ever remedied by them ; to most perse 
would never occur, that so simple a machine could be essentia 
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The Tyynpanum and Scoojy 1V7 lccL 


an lia-ving been described as represented in the last figure by a 

pbilosophcr and engineer; it was most likely used as thus con- 
through the remote ages of antiquity, to the early pa;rt of the last 
iXury^ when a meml)er of the Iloyal Academy of Sciences, of France, 
X^a Faye, developed by geometrical reasoning, a beautilul and 
ly improvement. It is described by Belidor, (Tom.ii, 385, 



No. '1.1. Tympmium iitiprov «i(l by I.u Faye. 


t,c >^!C^«tlier with the prexu'ss of n‘a, soiling that h‘d to it When the 
-curriFurence of a circle is <lev(dopi‘d ; a curve is descrilicd, (the invo- 
;e) oF which all the radii are ho many tangents to the circle; and are 
ewiBts all respectively perpendicular to the several polnta of the curve de- 
•ibecl, wliicii has for its gremtest radius, a lino e(|ual to tlu^ ])t‘n|>hery of 
3 circ'le evolved. Hence, having an axle whose circumferenc.i^ a little 
ceecln the height which the water is jiroposiid to be ehwated, l(‘t th<^ 
cumifireuce of the axk; he evolved, and make a curvtal canal, whosii 
rvatxiro shall coincide throughout exactly witli that of the involutes just 
•mecl ; if tluj furth(?r tixtnnnity of this canal las made to enter the water 
It is tci he. eh;vat(*d, anil tins ot.lHU* exUannity uliut upon the slia ft which 
turrit ul ; then in tlu^ course of rotation, the water will rise in a VKETrcAt 
aEC'X’' *c>N, tangimtial to thci shaft, and perpendicular to the canal, in what- 
er pt,>eitiouit may he.” Hm: No. 45. 

'The ahovt; figure from Belidor, is composed 
of four tuhcis only, hut it is frequently luju- 
trucUsl with double the number. Insteail of 
tubes, curved |>artiticnm between the closinl sides 
o{' the w1km‘I are oftener used, a,H in llu^ scoor 
winnu. — which consists of a number of semi- 
circular partitions, extending from the a,xh‘ to 
the circumference of a largii Hat ity linden-. Ah 
it rt‘voIves in the direction of the arrows, tln^ ex- 
tremities of the partitions dip into thc‘ waiter, 
and scoop It up, and as th{*y a,.sc.(nul, dl.schargis 
4fi. s<;aot» WhwL it into a troimh ifiaced under onii end of the 
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THE NORIA OR EGYPTIAN WHEEL. 

The tympanum has heen described as an assemblage of gutters, a 
the Noria may be considered as a number of revolving swapes. It c( 
sists of a series of poles united like the arms of a wheel to a horizon 
shaft. To the extremity of each, a vessel is attached, which fills as itd; 
into the water, and is discharged into a reservoir or gutter at the up| 
part of the circle which it describes. See No. 47. Hence, the forn 
raises water only through half a diameter, while this elevates it throu 
a whole one. The idea of thus connecting a number of poles with th 
buckets, must have early occurred to the agricultural machinists of As 
The advantages of such an arrangement being equally obvious as in t 
tympanum. The means that naturally suggested themselves, of streng 
ening a number of poles thus arranged, gradually brought these machii 
into the form of wheels. Sometimes, a rude ring was formed, to wh 
the exterior ends were secured ; at others, disks of plank were adopt( 
and the vessels were attached either to the sides or rim, and sometimes 
both. 



No. 48. Chincflo Noria. 



The Chinese make the noria, In what would seem to have been its ] 
mitive form ; and with an admirable degree of economy, simplicity, i 
skill. With the. exception of the axle and two posts to support it, 
whole is of bamboo, and not a nail used in its construction. Even 
vessels, are often joints of the same, being generally about four feet Ic 
and two or three inches in diameter. They are attached to the poles 
ligatures at such an angle, as to fill nearly when in the water, and to < 
charge their contents when at, or near tlie top. See No. 48. 

* The periphery of the wheel is composed of three rings of unequal 
ameter, and so arranged, as to form a frustrum of a cone. The smal 
one, to which the open ends of the tubes are attached, being next the hi 
over which the water is conveyed. By this arrangement, their cont€ 
are necessarily discharged into the gutter as they pass the end of 
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diameter. Accordmg to Staunton, some raise over three hundred tons of 
water in twenty-four hours. A writer in the Chinese Repository, men- 
tions others which raise a hundred and fifty tons to the height of forty 
feet, during the same time. They combine strength and lightness in a re- 
markable degree.* 

The mode of constructing and moving the noria by the Romans, is 
thus described by Vitruvius : ‘‘When water is to be raised higher, than 
by the tympanum, a wheel is made round an axis, of such a magnitude, 
as the height to which the water is to bo raised requires. Around the ex- 
tremity of the side of the wheel, square buckets cemented with pitcli and 
wax are fixed ; so that when the wheel is turned by the walking of men, 
the filled buckets being x'aised to the top, and turning again toward the 
bottom, discharge of themselves what they have brought into the reser- 
voir.” B. X, Cap. 9. Newton’s Trans, As the drawings made by Vi- 
truvius himself, and annexed to his work are all lost, Ixis translators do 
not always agree respecting tbc precise form of the machines described 
by him. Newton has hgured the noria as a large drum, to one side of which 
sejuare boxes or buckets arc secured. These buckets are closed on all 
sides, with the exiuiption of an opening to admit and discharge the water. 
Perault has placed tliem on the paddles or floats of an undersliot wheel, 
like Barlmro, except, thfit the latUu’ makes tlic ])ott,om of the boxes or 
buckets servo at tluj same time as paddh^s to receive th<^ impulse of the 
stream. Rivins, in his (Itunnau Translation, (Nureniburgh jr)'18,) has given 
one figure nnstimbling an overshot wheel witli the motion r(W(*rstni, a form 
in which it is still sonKUiuujs madi^ ; in another, it is similar to the noria 
of 'Egyjft at the pn^semt day, a modification of it, probably of great antiquity. 



No. 49. K|:ypti#in Noria. 


Instead of pots or other vessels secured to the arms by ligatures, or 
buckets attaehml to the si<h;8 of’ a wbeel, as described by Vitruvius, the 
periphery of the wheel itself Ls made hollow, and is dividiHl into a number 
of cells, or cornpartimniLs, which answer the same purpose us separate voB- 


Braani’i Jouriml, i, 172. Ellis’s Journal of Amherst’s Embassy, 2B0. Chine®® 
Eepoiitory, iii, 125. 
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sels. The figure No. 49, is taken from the Grande Description oi 
Plate 3, Tom. 2, E. M. It was sketched from one near Rosetta, whi 
the water nine feet. The liquid enters through openings in the 
is discharged from those on the sides. The arrow shows the dir 
which it moves. The section of part of the rim, will render the 
construction' obvious. Mr. P. S. Girard, author of the Memoii 
Agriculture of the Egyptians, says they are extensively used inti 
the cog wheels being very rudely formed. 

The tympanum may be considered as a wheel with holloi 
while the noria, as above constructed, is one with hollow felloes^ i 
which it is designated in French authors: ‘ Roue a jante creuses 
very expressive, and one which, in the absence of information r< 
the construction of this machine, might enable a mechanic to mal 

In various parts of Asia, Greece, Turkey, Spain, &c. Ean 
jars or pots,, are secured to the rim or side of the wheel, as h 
Every farm and garden in Catalonia, says Arthur Young, has si 
chine to raise water for the purpose of irrigating the soil. They 
polled by horses, oxen, mules, and sometimes by men. In S 
noria has remained unaltered from remote times. It is there sti 



by means of a device 
probably gave rise to 
wheels. 

In the axle of the nori 
sorted two, (and sometir 
strong sticks which cross 
er at right angles, form 
or spokes. The part of 
in which these are fixed 
nearly to the centre of 
round which the animal w 
contiguous to it, is the 
shaft to which the yoke 
is attached : the bottom of 
has spokes inserted into 
to the former, and which 
of them in succession, an 
keep the wheel or nori; 
tion. See No. 50. This 
trivance is common th; 
the east, and is in all r 
identical with those of 
ages ; in other words, the 
substitute of the mo< 


1^0. 50. Norifl. with. Pots. wheel 


in Besson’s ‘ Theatre Des Instrumens’ is an ingenious device 
a horizontal shaft with four spokes, as in the last figure, can imp 
to a vertical one, at any distance from the centre, and thereby a 
purpose of a number of wheels and pinions in modifying the 
the machinery, according to the work it has to perform, or to a' 
or diminution of the motive force employed. On the horizo 
(which is turned by a crank,) is a sliding socket to which the « 
secured. The vertical shaft has also, a similar socket, which is 
lowered by means of a screw, and to it, arms and spokes are \ 
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on those which form the cone round the vertical one at any part, from its 
apex to its base. 

Two prominent defects have been pointed out in the noiha. First, part 
of the water escapes after being raised nearly to the required elevation. 
Second, a large portion is raised higher than the reservoir placed to re- 
ceive it, into which it is discharged after the vessels begin to descend, 
(See No. 49, in wlilch they are very conspicuous.) Consequently, part 
of the power expended in moving this wheel, produces no useful effect. 
These irnperliictions, liowever, did not escape the notice of ancient me- 
chanicians, for to obviate them, the Persian wheel was devised, and so 
named from its having been invented or extensively used in that country, 

Tire vessels in which tlic water is 
raised, instead of being fastened to the 
rim, or forming part of’ it, as in the 
preceding figures, are suspended from 
])ins, on which they turn, and thereby 
retain a vortical position through their 
entire ascent ; and when at the top are 
inverted by their lower part coming in 
contact with a pin or roller attached to 
the (ulge of the gutter or reservoir, as 
r(‘pr(»sented in th(^ figure. By this ar- 
rangtuiumt no waUvr escajx's in xnsing, 
iior is it id(‘vated any higlnu' than the 
e(lg<‘ of the rt^servoir; hemxi the defects 
in the noria are avoided. Persian wheels 
No. 51. Whod. it. is bt‘iuuH‘d, have been msed in Eu- 

rope ev(m .since the Homans ruled 
ov(u* it, if not lJtd’or(^ Tlie gnuitest work in Franco according to Arthur 
Young, for tlici artificial irrigation of laud, was a series of them in Lan- 
gmuloc, which raised the water tliirty fetjt. In a Diitclx trarxslatlon of 
Vii-gil’s (T(M)rgics in 1682, they are reprcisented with huge buckets like 
barreds, suspendtid from both sides of the rim. Tliey tire common in 
Switzerland and the Tyrol, Travels in Poland by D’Ulanski, pagti 2-1 1. 
They were extensively used in England one lumdrtMl and fifty years ago. 
vSee Diet Ilusticum. Lon. 1704. aro not aware of their being much 

employed, if at all, in the United Statt^s. 

I’iiey are common in various parts of Asia. “The wattxr whtHd.s stiil 
used in Syria/’ says Mr. Barrow, “(liffer only rrf>m thost^ of Oliina, by 
having looser bucktUs susptmded at the c-ircumference, insUaul of fixed 
tu])(»s.”^ Dr. Russ(d, in ids bNaturai History of Aleppo/ (p. 20,) says tht? 
inhabitaxits makt*. tis<i of lai’ge ({uantifu's of wtiter, “ whic.h they raise with 
t.h(!: ihu’sian wlaud/’ from th(5 rivtn*. Perhaps ilu^ most interesting sptM’i- 
mens of thesis ma.cbin(‘s (*xtant, fo b<^ fbund in another and very ancient, 
city of Syria; in namath on the OronU's, so named after its foundcir, (uu^ 
of the sons ofClanaan. “Two days journey Indow Homs, (says Yolney) 
is Hamath, ctdtdxrnXc^d in Syria for its water works. Tlui whetd.s are 
the largc‘st in the country, Ixdng thirty-two feet in diameter.”’ city is 

built on both Hidcm (»f the rlvt'r, and is supplied with water from it liy 
means t)f them, tluj bucktUs of whicb tunpty themselves into stma^ a(|ue- 
ducts, s\n)port(‘d on lofty arches on a l<‘.vel with the ground on which th<i 
city stands. They are proptdled by the current. Burckhardt obstirved about 
a (loz(,in of them, the largii.st he .say.s, “is called Naoura el Mahommeyde, 



KtnbjiHgy to China, Loa. 1806. p. 540. 
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and is at least seventy feet/^* They are, lie remarks, tke g] 
wkick a modern traveler can find in tke city. Their enorn 
will be apparent, if we consider that the loftiest class of 1 
city, (N. York,) those of six stories, seldom exceed sixty i 
fore, the largest of the Persian wheels at Hamath, were 
pavement, v/ith its side towards a range of such buildings 
cupy a space nearly equal to the fronts of three of them, 
tend several feet over the roofs of the highest — and twelve 
occupy a street, one sixth of a mile in length. 

The construction of the water works of Hamath hav4 
mained unaltered in their general design, from very remo 
peculiar location of this city, the rapidity of the river, (na 
the sw fty) and its consequent adaptation to propel unde^'shi 
we know, were used in such works by the ancients, renc 
that the present mode of raising water, is much the same as 
flourished under Solomon; and when the Romans under . 
throw the queen of Palmyra and her army, in its immedial 
from the great antiquity of the noria, its extensive use o'^ 
former ages, and its peculiar adaptation to Hamath, and tlj 
lierence of the orientals to the devices of their forefathers 
tlio machines which Burckhardt beheld with admiration, ra 
of the Orontes, were similar to others in use at the same < 
spies of Moses, searched the land, ‘from the wilderness of 5 
as men come to Hamath/^ These wheels may be cited as a 
the preservation, (by continual use) of hydraulic machine: 
other memorial of the people by whom they were origi: 
long since disappeared. 

Monies OF FiioPELiUNG THE NOKIA. — The tympanum, : 
pots, and even the screw, were often turned, according to 
the ‘treading’ or ‘walking of men,’ i. e. except when emp 
water from rapid streams, in which case they were propel] 
the current acting on float boards .or paddles, as in comr 
wheels. There is a difference of opinion among his transh 
the" mode by which men moved ^hese machines. RiviuSy tl 
the German edition of 1548, seems to have thought that the; 
an upright shait, (as in figs. 26 and 53,)which they turned 
bars, and by means of cog wheels communicated the re 
He has also represented the noria as moved l)y men tiirni 
mode of propelling it that is figured in the first German 
getius, (1511.) Barharo, (1567,) represents the tympanuri 
a crank; the noria by a current of water ; and the chain 
tread wheel, like the one figured in No. 24. PerauU, also, 


“Travels in Syria, and the Holy Land. Lbn. 1822, p. 146. 

^ There are several interesting circumstances recorded respecting II 
and Damascus were frequently subject to the Jews. The Maud oLIl 
ticttlarly fetal to them and their kings. Zedekiah was there taken, an 
hies slam in his presence ; his own eyes were then put out, and he was c 
Babylon, where he died. Jer. xxxix, 5. Pharaoh Necho there ptit Jej 
their kings in bonds, whence he was taken a prisoner to Kgypt, and 
death. 2King8 xxiii, 34. Among ilw, most interesting discoveries 
connected with the ancient history of this people, are sculptured i 
Thebes, of the Jews captured by Bhishak, witli the Ifu^roglyphical 
houda Melee/ king of the Jews. From the discoveries of Young c 
the nrccision with which the dates are determined, is wonderful ; * n 
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the tympanum^ places the men in a similar one, and this interpretation of 
the text has been generally followed. It is corroborated by other ancient 
authors, and by Vitruvius himself, in Book x, cap. 4, where he speaks of 
a wheel to raise weights, ^ by the walking of men therein,’ that is, the 
common walking crane. PAilo, who was contemporary with Vitruvius, 
or flourished shortly after him, mentions a wheel for raising water, which 
was turned by the motion of men’s feet, ‘by their ascending successively 
the several steps that are within it.’ Tread wheels are mentioned also 
by Suetonius, and Strabo speaks of some for raising the water of tlic Nile, 
which were moved by a hundred and fifty slaves. Mr. Newton, the En- 
glish translator, supposed the men walked on the outside of tiie wlxeel, 
like the modern tread mill. It is very probable that this mode was in 
use among the ancients, for it is common in Persia and other oriental 
countries, particularly China, where it is undoubtedly of great antieputy, 
Barl>aro has figured tlie screw, as propelled by men pulling down spokes 
on tlie periphery of a wheel attached to it, or by treading on them. 

About oight(ien years ago, a person in this city, (N. York,) took out a 
patent for employitig animals to propel such wheels. A horse was placed 
near the top and yoked to a horizontal beam fixed behind, and against 
which h(^ drew. In January, 1795, a Mr. Eckliardt obtained a patent in 
England for ‘A Method of applying Animals to Machinery in general.’ 
Ilis plan was to employ cattle and all other bulky animals to walk on the 
top of large wheels; he also proposiul a flexil)le floor, llkt^ an endless cliain, 
wliicU passed over two wiuuils, and formed an iiidlned plains on which 
animals walked, and to iuertiase tin* elftHa;, tiuiy drtnv a loadtal cart be- 
hind them.*^ Sixty yt‘a,rs before this, viz. in Mr. W. Churchman 

<‘xhiblt(al before the lloyal Socu'ty, a model of ‘A new Engine for 
raising Water, in which Horses and other Animals draw without any loss 
of power.’ This (*ngiue was ti series of pumps worked by a large tread 
wluud, jLHj the top of which horses were made to draw against a beam to 
which tluiy were yoketl. He also proposed to employ horses at the samcj 
timii within tlie wheel.^ But the contrivance was even then an old one, for 
in Agricola, a horse is figured imparting motion to bellows by walking 
upon a tnuul wheel.^* 

Tiun*e is a passagt? in the second chapter of the Koran, which throws 
some fight on the early employrfient of animals in raising waUrr. Among 
the ancients, it was a, prevailing custom wlum tluiy sacrificiul an ox, or a 
heifer, to select .sucfli as had never been broken to labor : hence the direc- 
tion of the Bihyl to Eneas. 

Imllockrt unyoked, for riuchus choose, 

And Ibr Diana, sevtm unspotted owes. 

The Israidltes also, wen* instructed to olFt;r “ a nul lujifer without spot 
wherein is no bhonish, and upon which never came yoke.'*' “ An iuvifiir 
which hath not Inten wrous(/it with, and which hath not. drawn m tlu^ yoke,” 
f)ne whidi, ac.<*.ording to Mahormd:, was “ not broken to plough tin* (airtli, 
or WATER thvfteldu' Now this interprotation is not only consistc'nt with 
the text of M(>st‘s, hut is (exceedingly probabh^ for tln^ Arabs ha.v(* an- 
doubtedly prc!serv(*d with thinr iiuh^ptmdcmce and ancient habits, tra.ditions 
of numcTouH tranBactions ndiuTeul to in the Pentateuch, the particulars of 
wliich an^ not recordcul ; besides it indicates, what in<h‘<ul might haves 
been inferred : viz. tliat tin* principal employment of a,nimals in the (*arly 
tges, was to plough and Irris^atc the .soil. But wlum in fmKU‘Hs of tune^ 
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human population became dense., then animal labor was in 
superseded by that of man. The extensive employment 
appears to have been a prominent feature in the political ei 
cient Egypt, just as it is in modern China. As the country 
inhabitants, the extensive use of animal labor would not on 
fered with the means of the great mass of the former in obta 
but would have required too large a portion of the land 
merely for the latter. 

The antiquity of the noria may be inferred from its name 
wheel,” the only one by which it was known in some coun 
be found if we mistake not, among the symbols of ancie: 
In elucidating one of the religious precepts of Nuraa, w 
persons when worshipping in 5ie temples, to turn round ; 
serves, that this change of posture may have an enigmatical i 
the Egyptian wheels, admonishing us of the instability c 
human, and preparing us to acquiesce and rest satisfied ■' 
turns and changes the divine being may allot.” Life of 
figurative application of the noria, is obviously used by Plut 
mon and consequently a long established symbol of the mutal 
affairs ; and, as the sentiment which he illustrates by it, is 
same as that which the wheel of the goddess of fortune wa 
point out, the “ instability of fortune,” and of which it wa 
we conclude that the “ wheel of fortune,” was a water whc 
er than the noria ; and that to it, the Grecian philosopher 
passage referred. The selection of an Egyptian wheel to c 
tability of human affairs, indicates the origin not only of PI 
tude, but also that of the fable of the goddess. Egypt w 
whence the Greeks obtained not only their arts and science 
mythology, with its deities, heroes and its mysterious syster 
imagery; and if the Egyptians were not the inventors of 
representing and concealing things by symbols, they certair 
a greater extent than any other people, and at a period 1 
Greeks had emerged from barbarism, or an Egyptian colo] 
in their country. 

Although we are not aware that the wheel of fortune 
signification, yet, as the same goddess presided over rich 
ANCE — a more expressive emblem of these in Egypt could 
devised. Agriculture was the grand source of wealth in 
and it depended almost entirely upon artificial irrigation, fc 
ing the annual inundation of the Nile, water was raised for 
by machines, and among these, the noria was one of the ir 
and probably one of the most ancient. Egypt without ir; 
have been a dreary waste, and like its neighboring deserts 
man; but by means of it, the soil became so exceeding 
Egypt became ‘‘the garden of the east,” — the “ hot bed c 
the “granary of the world.” It was artificial irrigation wl 
Pharaohs, produced food for seventeen millions of inhabita 
reign of ’Rameses or Sesostris, a surplus sufficient for thirty 
more ; and even under the Grecian yoke, when its ancient 
departed, the prodigious quantities of grain, which it pro 
Ptolemy Philadelphus to amass treasure equal to nine hu: 
millions of dollars. There was therefore a peculiar pro] 
designed or nhtjin the goddess of “ prosperity,” “ riches,’" 
ance,” being accompanied with the noria or Egyptian wl 
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ment wliicli contributed so greatly to produce tbem. The manner in 
which this deity was sometimes represented, appears to have had direct 
reference to agriculture and irrigation. She was seated on rocks, (em- 
blerns of sterility 1) the wheel by her side and a river at her feet, (to sig- 
nify irrigation 1) and she held wheat ears, and flowers in her hand. But 
whether the ancient Egyptians adopted tlie noria or not, as tlie emblem 
of wealth and irrigation, one of their most favorite symbols has direct 
reference to the latter, and indirectly to the former: viz. the siuunx; 
figures of which liave been found among the ruins, from one end of the 
country to tlie other. This figure consists, as is univcrsaily known, of the 
the head and breasts of a woman, united to the body of a lion, and was 
symbolical of the aainual overfiow of the Nile, which occurred when 
the sun jiaased through the zodiacal signs, Leo and Virgo — hence the 
combination of these signs in the Sphinx, as an emblem of that general 
irrigation of the land once a year, upon which their prosperity so grotitly 
depended. This was the origin of passing streams of water through the 
mouths of figures of lions, and sometimes, though more rartdy, of virgins, as 
in the figures below — wbich are taken from Ilivlus^ translation of Vitruvius. 



No. 5‘t. Orifutes of nynajolieul of Irrigation. 

The analogy btU-wtHui tht^ form and ornaments of an object and its uses, 
seems to have, always Ikhui kept in view Iw the ancients; although, from 
our hnp(u*fi‘e.t knowhalgo of Uiem, it is dimcult and sometimes impossible 
to pt'rcahvt} it. That tiu^y displayed unrivaled skill in some of their de- 
signs and dtjcorations is univtu-.saily admitted. There is certainly no na- 
tural analogy bettween a lion and a fountain, and no obvious propriety in 
making water to flow out of the mouths of figurt's of tlntso animals ; on 
ihti contrary, tluiy appear to be v(>ry inappropriate ; but when we learn 
that the lion as an astronomical syml>ol, was intimately associated with a 
great natural hydraulic ojmration, of the first importancti to the welfare 
of the; Egyptians, we perceive at once the,ir reasons for transferring figuree 
of it to artificial dlsc.hargees of the Tupiid, and lumce the orlHctea of cocks, 
pip(iH, and spouts of gutun-H, fountains, &c. were decorat (ul as above. In 
sonui tuu‘.i<;ut Jaiintitins^ figures of virgins, as nymphs of springs, learuHl 
upon urns of running water. In othens, vases overturned, (with figures 
of A(|uarius, OceanuH, &c.) a beautiful devlco. Lions’ heads for spouts 
are v(*ry common in Ih)mpe.ii. 

lluin; is anotluT ammutt emblem, and ono that is universally admin;d, 
which may here l>c> noticed, as its f)rigin is associated with artijicuil irri^ 
gation— the (loiiNueoiuA, or ^Ilorn of Abundance.’ This eh;ga.iit sviabol 
is pr(jba!>ly of hlgypthm origin, for Isis was sometimes rtipresenltHl with 
it, and hh, in the Egyptian language, signified the * cause; of alumdance.’ 
W(; hav(} alnauly Siam that irrigation was and still is, tlui priiufipal source 
of phuity in Egypt; tuxl water in the scriptun^s is rep(‘ai(‘dly used in the 
same sense;. To undt^rsttind tlu; alhigory, It must lx; borne in mind that 
rivers were anciently compared to hills; at this re- 

mote |R!riod, are not vt;ry olj^'btns ; p(;rhap.s among others, from tin; noise 
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of rapid streams, bearing some resembance at a distance, t 
and bellowing of these animals ; and the tranches of rivei 
pared to tbeir horns ; thus, the small branch of the Bosj 
forms the harbor of Constantinople, still retains its ancient 
‘ Golden Horn and in some of our dictionaries, ‘ windir 
given as one of the definitions of horns. The bull which i 
some Greek coins is supposed to have been the symbol of 
haps from the overflow of some, when the sun passed throu^ 
sign Taurus. According to the Greek version, one of the b 
river Achelous in Epirus, was diverted or broken off by Hei 
gate some parched land in its vicinity. This, like other 
hero, was allegorized by representing him engaged in confli 
(Achelous) whom he overcame, and broke off one of his he 
horn being filled with fruits and flowers, was emblematical 
quent fertility of the soil, Ovid describes the contest, whei 

• • ’twixt rage and scorn, 

From his maimed front, he tore the stubborn horn, 
This, heap’d with flowers and fruits, the Naiads bear 
Sacred to plenty, and the bounteous year. 

if- « ^ * * * 

But Achelous in his oozy bed 

Deep hides his brow deform’d, and rustic head. 

No real wound tlie victor’s triumph show’d. 

But his lost honors griev’d the watery god. Met, ix. 

Thus river gods were sometimes represented with a corn- 
hand, and the other resting on a vase of flowing water. 

Another interesting allegory of the ancients has referei 
the fable of Medea, who it was said, by toiling old peopl 
young again, referred to warm or vapor baths, which she inv< 
which she infused fragrant herbs — in other words, the ^ pat( 
vapor baths’ of the present day. She also possessed the ar 
the color of the hair. When therefore, by her fomentatioi 
peared more active and improved in health, and their grey 
into ringlets of jet, the belief in her magic powers became 
and when at length, her apparatus, i. e. the cauldrons, wood 
were discovered, (which she had sedulously concealed,) it 
that her patients were in reality toiled, ^ From Ovid, it seer 
modern sulphur bath also, and used it in the cure of JEson, th 
husband Jason : 

the sleeping sire, 

She lustrates thrice with sulphur, water, fire. 

‘ * * * * * 

His feeble frame resumes a youthful air, 

A glossy brown, his hoary beard and hair. 

The meagre paleness from his aspect fled 
And in its room sprang up a flond red. Met. vii. 

This lady was the great patroness of herb and steam doctor 
may be considered the ancient representative of modern ma 
specifics, which, as they allege, (and often truly) remove all 
fable of her slaying her own children in the presence of Jc 
explained by her administering to them the wrong medidm 
a dose of the right one ; the latter was certainly the case w 
who expired under it. 

Plaving noticed in this chapter the supposed origin of co 
may as well introduce here an ancient mechanic, to whom ' 
occasion hereafter to allude ; one, whose name is intimat 
with the most valuable iriachines for raising water, and wit 
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portant improvements in the mechanic arts. As the earliest distinct notice 
of cog-wheels is in the description of one of his machines, (see the clep- 
sydra, page 547,) we may as well introduce him to the reader at this 
2 :)art of our subject, although we have not yet in tlie progress of our 
work, arrived at the period at which he flourished. 

During the reign of Ptolemy Philadelphus over Egypt, an Egyptian 
barber pursued his vocation in the city of Alexandria. Like all professors 
of that ancient naystery, he possessed besides the inferior apparatus, the 
two most essential implements of all : a razor and a looking glass, or 
mirror, ])robably a metallic one. This mirror, we are informed, was sus- 
pended from the ceiling of his shop, and balanced by a weight, which 
moved in a coheealed case in one corner of the room. Thus, wlum a 
customer had undergone the usual purifying operations, he drew down 
the mirror, that he might witness the improvement which the artist had 
wrought on his outer man ; and, like Otho, 

In tlic Speculiiin survey his channs. Jtiv. Sat ii. 
after which he returned it to its former j)Osition for the use of the next 
customer.® It would seem that the case in which the weight moved was 
enclosed at the bottom, or pretty accurately made, for as the weight 
moved in it, and displaced the air, a certain sound was produced, either 


® Metallic niirrorH furniHli one of the host proofH of Hklll in vvorkin^i^ the inelalH in the 
rcmotcrit timcH, for theJr antiquity exteiulH beyond all rccordH. In the lirst pujCjtiH ofhi.s- 
tory th(*y are nauitioned in eounnon use. The hra'/CiU hiver of the. 'TalK'ruae.h*, 
waH madcs of tlu*! mirrorH of th(‘ IsraelitiNh vvouien, which tlu'y curried with them out of 
Kgypt. From houk^ foumi at 'rhehe.s, as \V(dl us la^nreHeutatiouN of oiIku'h in the HC.ulp- 
tur<^H and puimiiiiuj.s* vve at once that these * loolcin^ij ^Uihsch/ (as tlmy are called in 
K.xodus,) w(‘re similar to thoH(^ <»f (inude and Roman ladic'ri ; viz. round or oval platCH 
of metal, from tho'e to six inclu's in diauw'ter, and having handles of \vood, stone and 
metal highly ornaiiumti'd and of various forms, according to the taste of the \vmm\t. 
Hoim*. luivt^ laam found in Fgypt with the lustre partially preHorved. They are com- 
posed of an alloy of copper, ami tmtlmony or tin, tind lead; and appear to have been 
carried about tlui pi^rsou, secured to, or suspended from the girdle, as pinenshions and 
«cisH<»rs fornu'.rly worn and an*, so still by some antiquated ladies. Tht^ (Inudts 
and Romans ha<I them also of silver and of $teel. Some of the latter were found in 
Ih'rculaiu'um. Plutarch mentions mirrors enclosed in very rich fruim^s. Among the 
articles of the toilet found in Pompeii, are eur-ri»»gs, gohhm and common phis, and 
siweral tnetallic mirrors. One is round and eight inclu^s in difunctm*, tlu^ oth(*r an oh 
long wjuare. Tliey had them with plane surfaces, and also couvtjx and concave. 
n<a*.a says his countrywomen luul tlierti also, e(|ual in hmgth and breadth to a full grown 
person, superbly decorated wiUi gold ami silvc^r, and precious stones, 'fheir luxury in 
this article,, seems to have been excessivMs for the cost of one olh^n ('.xcauMhul a mo- 
de.rute fortune. The dowry which the Senate gave tlu^ dauglU(?r of Heipio, according 
to Hcneca, would not purchase in his time, a mirror for tlu^ dauglitcr of a frcualman. 
The Anglo- Hiucon dames had portable metallic mirrors, and wore thenj suspended from 
the waist. It is not a lith^ singular that the aimient Peruvians had them also, formed of 
silver, copper and its ulleys, and also of obsidian stone, Th<*y h?id them plane, convex, 
and concavt*. Had not the art of making these tnirrors been nwivtul in the speculums 
of rcth'cting t(d(*scopes, tludr lustre could hardly have been appreciated; and they 
would prohuhly have h(‘en considered as indiflereut substitutes for the modc.rn looking- 
glass. l'h<‘sc, lu.Ht ar(^ supposed to have heeti manufacturetl in ancient Tyre, and of a 
black colored glass. Fluid lead or tin was aRerwards used. It was potinul ou the 
plants while they were hot from the fire, and being sulfcred to cool, lorm(‘d a luudc 
which ndh'cunl ihe image. Looking-ghwHCs of this description winas madi^ in Venici*. 
in the FUh century. It was not till about the IGth, tliat the present mode of coating tfuis 
back with (piick.shv<*r and tin foil was introduced. The invimtor is not known. 
Verms was sometimes rtqrresented with a speculum in one hand, and the astronomical 
symbol of the plumu P<mus is the figure of oms. Therti is a clK'micnl (‘xaminutioc 
of an ancient speculum m tiie 17th volume of Tilloch’s Phil. Mag. 

/k/rlicrx llounshcd in the mythol<*gic agi^s, for Ai»ollo having prolonged the cars of 
Midiii to a length resembling thoie of a certain animal, the latt<‘r it is said, mitlcavored 
to hide his disgrace by his hair, hut found it impossihlt*. to (mnciMil it from his barber 
Mronu razors were anciently common. 
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The Chain of Tots, 

bj its expulsion tlirougb. some small orifice, or by its esca] 
sides of the case and tlie weiglit. This sound had pro! 
unnoticed like the oi'dinary creaking of a door, perhaps 
one day as the barber's son was amusing himself in his f 
attention was arrested by it. This boy’s subsequent refl 
him to investigate its cause ,* and from this simple circum 
led eventually cither to invent, or greatly to improve the 1 
a musical instrument of great celebrity in ancient times, 
and industry were so conspicuous, that he was named ^ T1 
Works of Art.’ His studios in various branches of natt 
were rewarded it is said, with the discovery of the pump, 
gino, &c. He also greatly improved the clepsydra or wai 
constiniction of which he introduced toothed wheels, ar 
holes, Vitruvius, ix, 9. These ancient time-keepers, we 
origin of niod(u*n clocks and watches. Now this barber’s 
vidua,] we wish to introduce to the reader, as Ctesibius < 
one of th<‘ most <*minont mathematicians and mechanician 
on(% wh(»s(^ chiirns upon our esteem, arc not surpassed I 
otiu'r individual, ancumt or m(.)d(U*n. 

It will he ptu'ceivcnl that tluj simple, the trivial sound p 
tleseent oftlu? wcfight in his father’s shop, was to him, wh 
apple was to Ntnvton, and the vibration of the lamp or c 
cimrtdi at l^isa, to Galileo, dlie clrcurnstance jn*escnts ar 
in(‘r<ms proofs wliich might ho adduced, tliat inquiries int( 
tint most trifling or insignificant of pliysical effects, are si 
reetly or indircualy, to important results — while to young 
it holds out the grea,t(‘st encoiiragenu;nt to occupy their 1 
res(*ar(di(‘s. Itsliows, t.lnit however unpropitious their cir 
ht*, lh(*y may hy industrious {ipplleation, become distlngu 
and may add tluur nanu's to thosci of Ctesibius and Fran 
others — immortal <‘xam])l(‘s oF th<i moral grandeur of ir 
wverance in the midst of dllliculties. 


CHAPTER XV. 

TIIK OftAI.N OF POTB—ItH origin— 'UiiKl in Joseph’s well at Cairo— Numerou 
Belwmi to Buperwtlo it anti the noria— Chain of pot.** of the Romnna, Hindoos, Jnp; 

by Agrietda-^Spuiiirih one— Modern one— Applications of it to other 
waier”«»ICinph»,ve<l aw a fir^t mover and »uh»titutti for overnhot wlietds— Frtui<‘ini’« 
th*i fHain of |HSn- -Ofieti e<Mifou»Hled with the nenda hy aneieut and modern nu 
(Srrweby Hanuus — Opinionw ttf niotiern writerfi on its unti<iuity-— Referred to b] 
Ihui rftbinl the water of the Kupliratew to Mupply the hanging gtirdeur— H 

Belt 

The tympanum am! norla in all tlu'lr modlficationH, hav 
ed iiH ttrlginating in th<‘. gutt<*r or Juntu, and the swa])(* 
ehin<» we art^ now to t*xumint‘ is evidtmtly derivtsl from tl 
ami bnckt't. The first im|>n)veinent of tlui latttn* was tin 
a pulh^y (Mo, 11) over which tht‘ cord was directed — tlu^ 
dititm of another vessel, so as to havet one at each end oj 
13 anti J4) and the last and most important consisted in 
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Chap, 15.] Egyptian Chain of Fots. 

of the rope, and securing to it a number of vessels at equal distances 
through the whole of its length — and the chain of pots, was the result. 

The general construction of this machine will appear from an examin- 
ation of those which are employed to raise water from Joseph’s weli 
at Cairo, represented at page 46. Above the mouth of each shaft t 
vertical wheel is placed ; over which two endless ropes pass and are sus 
pended from it. These are kept parallel to, and at a short distance fron 
each other, by rungs secured to them at regular intervals, so that whei 
thus united, they form an endless ladder of ropes. The rungs are some 
times of wood, but more frequently of cord like the shrouds of a ship 
and the whole is of such a length that the lowest part’ hangs two or thre( 
feet below the surface of the water that is to be raised. Between th( 
rungs, earthenware vases (of the form figured No. 7) are secured by cords 
round the neck, and also round a knob formed on the bottom for that pur 
pose. See A, A, in the figure. As the axis of the two wheels are a 
right angles to each other, two separate views of the chains are repre 
sented. In the lower pit, both ropes of one half of the chain is seen 
while in the upper, the whole length of one is in view. The vases o 
pots are so arranged that in passing over the wheel, they fall in betweei 
the spokes which connect the two sides of the latter together, as shown ii 
the section ; and when they reach the top, their contents are discharge( 
into a trough. [In some machines the trough passes under one rim whicl 
is made to project for that purpose ; in others, it is placed below the whee 
.and between the chains.] There are in the upper pit, one hundred am 
thirty-eight pots and the distance from each other is about two feet seve; 
inches. The contents of each are twenty cubic inches. The wheels ths 
can*y the chains are six feet and a half in diameter. They are put in me 
tion by cog wheels (on the opposite end of their axles) working into otl 
ers that are attached to the perpendicular shafts to which the blindfolde 
animals are yoked. 

The chain of pots in Egypt is named the Sahia, Its superiority ove 
the noria and tympanum, &c. in being adapted to raise water from ever 
depth, has caused it to be more extensively employed for artificial irrig^ 
tion than any other Egyptian machine — hence it is to be seen in operatiox 
all along the borders ot the Nile, from its mouth up to the first catarac 
In Upper Egypt, and Nubia, they are so exceedingly numerous as to oc 
cur every hundred yards ; and in some cases they are not forty yards apar 
Their numbers and utility have rendered them a source of revenue, for w 
are informed that each sakia is taxed twenty dollars per annum, while th 
swape is assessed at half that amount. Thejr are also common in Abys 
sinia. They were noticed there by Poncet in 1698. When Sandys wo 
in Egypt, A. D. 1611, the great number of sakias did not escape hi 
observation : Upon the banks all along are infinite numbers of deep 

and spacious vaults into which they doe let the river, drawing up the wi 
ter into higher cesterns, with wheeles set round with pitchers, and turne 
about by buffaloes.” Travels, page 118. 

An attempt was made some years ago by an enterprising European t 
supersede the employment of these machines in Egypt, which on accoui 
of the interesting circumstances connected with it may here be noticec 
In the latter part of the last century an intelligent young man of Padu 
was designed by his parents for a monk, and was sent to Rome to rcceiv 
an appropriate education. His inclination however led him to prefer th 
study of natural philosophy to that of theolofiry, and particularly hydrai 
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1 

forming feats of agility and strengtli, and by scientific exhibitions, 
roving thus for fifteen years, he determined to visit Egypt, under the 
that he would, make his fortune there by introducing machinery on tht 
ciple of the pump, as substitutes for the noria and chain of pots, 
June 1815, he landed at Alexandria, and after some delay was in' 
ced to Mahommed Ali, (the present Pasha,) who approved of his pi 
and in whose gardens at Soubra, three miles from Cairo, he consti 
his machine. But no sooner was it completed and put in operation 
he discovered in the Turkish and Arabic cultivators an unconquerab 
position to its introduction. Indeed this result might have been am 
ted and, if we are not mistaken, they were right in preferring theii 
simple apparatus to an elaborate machine, of the principle of whose 
they were utterly ignorant. Their rejection of it was looked upon 
other example of superstitious adherence to the imperfect mechani 
former ages ; but under all the circumstances, it was, we believe, a 
dence of the correctness of their judgment. Thus disappointec 
brightest hopes blasted, and his pecuniary resources all but exhaus 
for he received no renumeration, either for the loss of his time < 
\ money — he, with an energy of character deserving all praise, deteri 

to njake the best of his misfortunes. He therefore turned his att 
to that subject which necessarily occurs to every intelligent stran^ 
Egypt — its antiquities — and while the British Museum remains, an 
colossal head of young Memnon is preserved, the name of BelzoI' 
be remembered and respected. 

From the following description of the chain of pots by Vitruvius, 

pears that the Romans made it of 
durable materials than either th 
cient or modern people of Asia, 
if a place of still greater height 
could be reached by the noria) is 
supplied ; on the same axis of a v 
a double chain of iron is wound a 
down to the level of the bottom : 
ing brass huclcets, each contaii 
congius (seven pints) hanging th 
so that upon the turning of the v 
the chain revolving round the 
raises the buckets to the top ; ' 
when drawn upon the axis, becoi 
verted and pour into the reservo 
water they have brought.” Be 
Cap. 9, Newton’s Trans. As i 
ference is made to the form of th 
sels, by Vitruvius, we find them ' 
sen ted by translators in a vari< 
shapes, as cylinders, cubes, triu 
cones, pyramids, as well as portic 
and combinations of them all. 
are left open at the top, and botl 
and without projecting lips in fre 
which to shoot the contents ov( 
edge of the reservoir as they pa 
wheel or drum. Others are c 
and admit and discharge the water through an orifice or short tube i 
presented. (No. 53.) From the separate figure of one of the ves 
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Chap. 15.] 


will be seen that the tabes are placed at the upper corner, and consequent- 
ly retain the water till the vessels ascend the drum, when it is discharged 
as represented. Provision should be made for the escape of air from 
these vessels, as they enter the water, and also for its admission on the 
discharge of the liquid above. The wheel or drum winch carries the 
chain is, in this figure, solid, and cut into a hexagonal form to prevent it 
from slipping. 

There is also in old authors a great diversity in the construction of the 
chains, and also in their number. Some understand by the term ' douhh 
chabi,^ merely a simple one doubled and its ends united ; i. o. one whoso 
length is equal to double the space through which the water is to be ele- 
vated by it. Others suppose two separate ones intended and placed par- 
allel to each other, the vessels being connected to tliem as in the figure. 
Others again, and among them Barbaro, figure two sets, of chains and pots 
carried by the same wheel. He has also made them pass under pulleys 
in the water, a useless device, except when the chains are employed in an 
inclined position. 

The chain of pots is mentioned by most oriental travelers, although de- 
scribed by few. In Tmfs voyage to India in 1GI5, speaking of the 
tanks and wells of the Hindoos, he observes, tlujy usually cover those 
wells with a building over head, and with oxen draw water out of therr, 
which riseth up in many small buckets, whereof some ar(^ always going 
down, otluirs contirmally coming up and emptying themH(dves in troughs 
or little rills, made to receive and convey the water, whil.lujr they please.’' 
p. 187. To the same machine Fn/cr refers, when spfniking of the difier- 
(uit modes of raising water from dee2* It is <lrawn up, ho gays, by 

oxen ** with huge leathern buckets or pots around a wheel.” p. 410. 
And again at Surat, it is drawn up “ in leathern luigs upon wheels.” p. 
104. Had not wells benm mentioned in connection with these extracts 
from Fryer, we might have supposed it was the noria to wliich ho alluded. 
Tav(*rnier mentions it in the same way as applied to draw water from 
w(vlls in Persia, p, 143. When required to raise it from rivers, they 
wer(i, as in the case of the Persian wWels on the Orontes, propelled by 
the current when it was sufficiently rapid for the purpose. “ As for th() 
Etiphrates, (observes Tavernier,) certain it is that the great numlxir of 
mills l>uilt upon it, to convey water to the neigh])t)ring gr{)undB, have not 
only nuKhjred it unnavigablc, but made it very dangerous.” Lucan in 
the 3d book of his X^harsalia alludes to this extensive diversion of the wa- 
ter for agricultural purposes, in his time. 

. But soon Euphrates" parting waves divide, 

Covering, like fruitful Nile, the country wide. 

Th(‘se mills are probably similar to those referred to by Montanus in 
his account of Japan, p. 29G. The city of Jonda, he observes was d(V 
fendtul by a strong castle, which was ** continually supplied wdth frcish 
wat(*r by two mills.” It is a pity they were not describeul. 

Th(^ chaiti of pots was used by all the celel)rated nations of antiquity 
and it still is (unployed more or less over all Asia and Europe. Prt)vioui 
totlielGth century, it: ctjnstituted the * water works’ for supplying Europe- 
an citi(W, arid was often driven by windmills — as it still is itx HollancL It 
stjems to bc^ tins ne plus ultra of hydraulic (uigiiu's among half civilized 
nations, while tliose only which are enlightened, have the pinmn Even 
the materials of wlfich it was made by differcuit people of old, may bo 
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[B, 


the ropes were fibres of the palm tree, and the vessels of eartben\ 
while the Homans made the chains of iron and the vessels of brass, 
former people were soft, effeminate, and easily sabdued; the latter 
and inflexible — an iron race. 

It is described by Agricola as employed in the German mines. I 
Metallica, pp. 131, 132, 133. The chains and vessels are repres 
of various forms, and the latter both of iron and wood, and propelL 
tread and water wheels.*^ In Besson’s * Theatre,’ A. D. 1579, it is 
as worked by a pendulum and cog wheels — the teeth being cont 
over half the peripheries only.^ 

In Spain it has remained in continual use since the conquest and 
pation of that country by the Romans ; and was perhaps previously 
duced by the Fhenicians, a people, to whom Spain was early ind 
for many valuable acquisitions. It was employed there by the Moors ; 
middle ages, under whom the inhabitants enjoyed a degree of pros] 
and civilization unexampled during any subsequent period of their 
ry. The arts and manufactures were carried to great perfection, so 
so', that in the twelfth century, while the rest of Europe was in con 
tive barbarism, the tissues of Grenada and Andalusia were highly j. 
at Constantinople, and throughout the eastern empire. To the Mo< 
Spain, Europe was greatly indebted for the introduction and dissemu 
of many of the arts of the east ; among others they introduced the .A 
system of agriculture, with its inseparable adjunct artificial irrigation, 
are told they divided the lands into small fields, which were kept const 
under tillage ; and “they conveyed water to the highest and driest S] 
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The chain of pots in Spain, is in the form and material of its vi 


»^Tlie De Re ‘Metallica’ of George Agricola is invaluable for its account of i 
draulic engines employed in the mines of Germany in the 16lh and preceding 
ries ; being doubtless similar to those used by the Romans in some of the same 
and continued uninterruptedly in use. The first edition of this work was publif 
1546, others in 1556— 1558— 1561— 1621— and 1657, all at Basil. Brunet’s ‘ IV 
Du Libraire et De L’ Amateur de Livres.’ Paris, 1820. It is a copy of the last ( 
we make use of. The author was born in 1494, and died in 1555. 

^ See also Kircher’s Mundus Subterraneus. Tom. ii. pp. 195, 228. 
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He imperfect substitutes for cog wheels, identical with those of Egypt 
!l!Lsia, and may be considered a fair representative of this machine as 
in the agricultural districts of the andent world. 

No. 55, represents a section of a mod- 
ern machine. The wheel is placed in or 
over a cistern designed to receive the wa- 
ter. Buckets are secured to the chain be- 
tween the joints of the latter, and the 
wheel as it revolves, receives the cen- 
tre of these joints on the ends of its 
arms, which arc suitably shaped for the 
purpose. The buckets therefore fall in 
between tlie arms of the wheel and be- 
come inverted in passing over it as in 
the figure. 



The chain of pots has been applied 
to a great variety of j)arpose8. It has 
been employed for ages, in cleansing 
docks^ deq)(t7ii7ig har'hors^ See. The 
vessels laang made of iron and formed 
like wid(* scoops, are made to pass un- 
der pullt‘ys attucluul to the l)ottom of a 
mov(‘a])l<; frame, which is raised, and 
lowtn*(?(l, to suit tlui varying depth of 
the <*hamud, Besson also proposed it 
to ?'aise 77wrlar^ See. to the top of city 
walls, fortifications, See. and wherever 
large (piantities were re(|uired ; an ap- 
tioti of it that is wortliy of the notice of extensive builders, for the 
cjonsmruHl and exertion expended by a laborer, in ascending a long lad- 
► r flight of stairs to deposit a modtjrn hodful of mortar, and niturning 
the same space, is hardly consistent with the spirit of economy 
iiBcdul re 8 ( 5 arch that characteriva^s the ago. The amount oflbre-ei con- 
jcl in bearing his own body twice over tlie spaci^, nKlep<,;iulently of the 
would in a well njgulatetl d(wi(;e of thus kind produce an ecpial re- 
01iv(‘r Evans introducuid the chain of pots into his mills, for the pur- 
of transmitting flour atul grain to tln^ diflerent floors. 
liaH biuiu adopUul as a substitute f>r water wheels. As the noria, 
1 its motion i.s n;v(;rs<Ml by th<‘ Jidmissiou of water into its Inickets at 
ippiu- |)a.rt of tlii^ |H*riphery, is couv(‘rt(*d into an overshot wheel — so 
;lmiu of has in a similar manner, beam made to transmit [)ower 
ifirnmunlcute motion to other machim's. In locations wluu’C then? is 
fill .supply of water, but which falls from a considerable height, it laj- 
a vuluubhi Hubstitute for the overshot wheel, as a first movcuu It 
riiarka.hhi tlial this obvious application of It should not liavct ocamnaal 
iiropeau riKathauiciaim previous to the 17th cetitury. It was (busigned 
"I. Framfini, ami l)y tlu' direction of Calhert^ tins illustrious and pa- 
rainistm' of Louis XIV, one v^uus enaUed in 1GG8, in ou(‘ of tin* pub- 
ririleuH at Baris, A natural spring in tills garthm supplied \vat<m for 
>LijritH. It was re<u‘ived into a larg<^ basin, and lo pri^vent its over- 
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Francini^s Machine. 


He erected a chain of pots, E, E, No. 56, wHch reached from t 
tom^ of the well to such a height above its mouth as the water 1 
the jet was required to be raised- From the upper wheel or drum,; 



No. 50. Francini’s Machine. 


chain of pots, D, C, was sus] 
and carried round by it, the lov 
dipping into the water to be 
from the spring A. By this a: 
metit the weight of the water 
scending the well in the bud 
the first chain, raised a smaller ■ 
(allowing for friction) throng 
same space by the second one- 
proportionable quantity still 
A spout conveyed the water ii 
buckets of the driving or motivi 
as shown at B. These bucket 
made of brass, and wide at tl 
the better to receive water fri 
spring ; and also that when or 
filled, the surplus might fall do 
sides into the next one belo^ 
from that to the third one, and 
that none might be lost by i 
over. The buckets of the othe 
were of the same form and m 
but instead of being open like t 
mer, they were closed on all 
the water being received into t 
A, and discharged from them 
through short necks or tubes 
which are upwards when the 1; 
ascend, being connected to the s 
part of the latter. A pipe frc 


upper cistern m, conveyed the water to form the jet. The arro^ 
cates the direction in which both chains move. The vessels on the 
E, B, helotv B, descending into the well, (the bottom of which is not si 
full — while those shown at D, C, are empty. 

The chain of Pots has been employed to work pumps in mines, 
pel thrashing machines, &c. &c.*^ 


There is much confusion in the notices of the chain of pots by ; 
authors, from their referring to it without discrimination as a ‘ wliec 
thus confounding it with the tympanum and noria, and that modii 
of the latter, known as the Persian wheel. From the circumstai 
its having been propelled in the same manner as these, viz : by o: 
the usual way, (through the medium of cog wheels,) or by men -w 
upon or within a wheel, &c. it has from custom, inadvertence, or ; 
superficial knowledge of its distinctive features, been classed with 
It was of it that Strabo spoke, which by wheels and pulleys rais 
water of the Nile to the top of a very high hill ; and which, inst 
being moved by oxen, was propelled by one hundred and fifty si 
And when Julius Cmsar was beseiged in Alexandria by the Egy 


‘See Vol. i, of machines approved by the French Academy. Desaguliers’ 
Vol. ii Edinburgh Encyc. VoL x, 896. 
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£ pots was included among^ the ** wheels and other engines,” 
the latter raised water from the sea and discharged it into the 
t supplied CoBsar^s army with fresh water. It was most like- 
;i 0 “ hydraulic engines,” which Herodotus observes the Baby- 
to raise water from the Euphrates to irrigate their lands, 
lines’ were certainly similar to those of India, Egypt, Greece, 
leighboring countries ; for if they had been of novel construc- 
mliar to Chaldea, he would scarcely have failed to notice so 
L fact, if he even omitted (as he has) to describe them. 

.e lack of discrimination is obvious in almost all the accounts 
as of ancient autliors, respecting this machine. When they 
dieels for raising water, it is as difficult to ascertain those to 
■ allude, as it is in the parallel passages of Philo and Diodorus, 
Ctesar. Thus Tavernier in his passage down the Tigris to 
[Xiarks, all the day long, we saw nothing upon either side of 
»ut pitiful huts, made of the branches of palm trees, where live 
ir people that turn the wheels^ by means whereof tliey water 
oring ground.” Sometimes the chain of pots is mentioned by 
.s the Persian wheel, and popular (ixtnicts from their works 
y to perplex en(]uirers into its history. When we met with 
from Shaw’s travels, that the Persian wheel was extensively 
banks of the Nile, through all Egypt, they were so much at 
itli the testimony of other oriental t.ravchirs, and so foreign to 
ttioiKS respecting the use of that machine in Egyj)t, that we had 
reference to his woi-k; when the a,j[)par(‘nt discrepancy was 
He d(‘scril)('s and figures the chain of pots (sakia) as the 
leeL^ Nordvn commits the same error : “ they likewise employ 
n wluiel with ropes of pitchers, wliich is turned by oxen,”*> 
(U\scril)tjs the Spanish chain of pots as the Persian wheel, and 
►bsm'v(^H is used ” all over Portugal, Spain, and the Levant”® 
'avelers speak of it as the Noria. Mr. Jacob, in his Tra- 
South of Spain,” Lon. 1811, page 152, says the Spaniards **U 80 
k.rabic origin, from which our chain pump h evidtmtly derived ; 
a noriu. A vertical wheel over a well has a serit's of earthen 
h 1 together by cords of Esparto, which desiamd into the water 
emselves by the motion of the wheel. The vcuaical wheel 
notion by a liorizontal one, wliich is turniul by a cow. No 
an be more simple.” In the Grande Description of Egypt, 
pialed * Roue a pots,^^ instead of naming it from the cliam, 
' and distinguishing feature. It ciirtainly has nothing in com- 
■he noria,tixc<;pt the pots or vessels in which the water is raised; 
n tlu?. latter, are suspended from the arms of inflexible levers, 
i In tlie arc of a circles ; while in botli these circumstances, and 
ht be named, there is no resernblancci whatever between them, 
of pots is generally named by French authors, * Chajwle.t/ from 
lance to the string of Ijeads, wliich Roman catholics, M a, home- 
i.st.H, &c. (like the Pagans of old) use in repeating their prayers, 
ilation m sufficiently discriminating, and is appro|)riat(^ ; certainly 
jiin Rme a pots, since it serves to separate tliis inacliine from 
fu*s of wheels, and to presisrvo a distinction lietween two very 
Iass(*8 of hydraulic engines. 

un of j>ol8 aecmia always to have been used to raise water from 

page 337. ^Travels in Kj^ypt and Nul>m, Vel. i, 5(5. 
thrcnigh Portngiil and Hpain in 1772, and *73. l4on. 1780, page 
Memoirs, K.'M. Plate 5. 
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Josephs well. If the location of this well, its peculiar cc 
vision into two distinct shafts, the chamber between them fc 
which propel the machinery, the passage for their ascent an 
its enormous depth, be maturely considered, it will appear, 
no other machine could at any time have been used, or inten 
structors to have been used in raising its water ; if therefor 
ted well be, as supposed, a work of the ancient Egyptians. 
Babylon, then the endless chain of pots may safely be rega 
with the foundation of that ancient city, if not, as it prob; 
more ancient. 

It was probably the ‘ pump,’ which according to trad 
introduced into Greece, a thousand years before the buildi 
by the Persians. During the time the Israelites were 
prince, in consequence of domestic quarrels, left it with 
friends, and sailed for Greece. They landed on the coast oi 
or the Morea, -and were hospitably entertained at Argos, w 
tied. It is said, the Greeks did not at that time possess the 
obtaining water from wells ; the companions of Danaus ha 
first to dig them, and to introduce pumps. Pliny vii. 56. 
ants of Greece were ignorant of wells, previous to the a 
strangers, they could certainly have had no occasion for 
was natural for the Egyptians, when they dug wells, to i 
own country methods of obtaining water from them. 

As the word ‘ pumps,’ is not .however to be understood ii 
sense in which it is at present used, the question occurs, wl 
chines were these 1 1. They must have been simple in the: 

for otherwise they would have been ill adapted to a rude ai 
people, and such the Greeks were while ignorant of w 
must have been of general application to the wells of Gre 
were such as, from their great utility, were continued in us 
sequent ages, for they were highly prized, and the memor;^ 
duction preserved. 4. They were such as were previously 
Now, of all ancient devices for raising water, to w^hich thi 
could with any propriety be applied, the chain of pots is th 
fulfils the conditions premised. It is evident that the jantt 
fications arc wholly inapplicable to raise water from wells ; 
'panum and noria are equally so. The swape is not adaptec 
and those of Greece were generally such : yet as it is adn 
to raise water from small depths, and was so used by the a 
it is probable ijhat it was also introduced by Danaus ; as w 
was in common use in Egypt, in his time. (See figures c 
must however have been of extremely limited application 
count of their depth. (See page 38.) The modern inhabi 
raise water with it only about seven feet ; and from the figur 
to, it is obvious that in the time of Danaus, it was raised ] 
but if its application was even extended in Greece, to ele^ 
twice that depth, its employment in wells must have been 
trifling. 

It could not have been the chain pump, for it does r 
either the Greeks or Homans were acquainted with that 
truvius is silent respecting it. Nor can we suppose any 
atmospheric or forcing pump intended — -even, if it could 
both were then known. They are too complex to have be 


the account of his daughters’ punishment. They were condemned to draw 
water from deep wells, and would of course, use the machines their fa 
ther introduced. Now we are told that the vessels in which they raised 
the liquid leaked so much, that the water escaped from them ere it reach- 
ed the surface — hence their endless punishment. The witty remark of 
Bion implies the same thing. A person speaking of the severe punish- 
ment of these young women, in perpetually drawing water in vessels full 
of holes, he remarked, “ I should consider them much more to be pitied 
were they condemned to draw water in vessels without holes.” Hence, 
we infer that the Egyptian sdkia or chain of pots, was the ‘ pump’ in- 
troduced by Danaus, and that to it tradition refers. It was the only one 
to which, from its construction, and adaptation to every depths the name 
of ‘ pump’ could have been applied — while from its simplicity and effi- 
ciency, it was a gift of no ordinary value to the Grreeks; and the introduc- 
tion of it into their country was worthy of being preserved from oblivion. 

It is believed to have been in uninterrupted use there since the age of 
Danaus ; although history may not have preserved any record or repre- 
sentation of so early an employment of it. It is still used, on the conti- 
nent and in the islands, as well as throughout Syria and Asia Minor. At 
Smyrna it is as common as a pump with us. In Voyage Pittoresque de 
la G-rece,” Paris, 1782, Plate 49, contains a drawing, and page 9 a 
description of one in a garden at Scio, the ancient Chios, and capital city 
of the island of the same name. It is similar to the one represented in 
No. 54, and is doubtless identical with those employed in the same cities, 
when Homer was born near the former, and when he kept a school in 
the latter. 

On the antiquity of this and preceding machines, we add the opinions of 
recent writers. A traveler standing on the edge of either the Libyan or 
Arabian desert, and overlooking Egypt, would behold before him one of 
the most magnificent prospects ever presented to human eyes. H^ would 
survey a deep valley, bright with vegetation, and teeming with a depres- 
sed but laborious population engaged in the various labors of agriculture. 
He would see opposite to him another eternal rampart, which, with’ the 
one he stands upon, shuts in this valley, and between them a mighty river, 
flowing in a winding course from the foot of one chain to the other, fur- 
nishing lateral canals, whence the water is elevated b}^ wheels and buck- 
ets of the rudest structures, worked sometimes by men and sometimes by 
cattle, and^ no douht identical 'loith tlie 'process in 'use in the days of Sesos- 
trls.’’**' These methods” (of raising water to irrigate the land,) “ are not 
the invention of the modern Egyptians, hzet have been med fro7n thne im- 
7ncmorial without receiving the smallest improvementr'^ ^‘Even the creak- 
ing sound of the water wheels, as the blindfolded oxen went round and 
round, and of the tiny cascades splashing from the string of earthen pots 
into the trough which received and distributed the water to the wooden 
canals ; were not disagreeable to my ears, since they called up before the 
imagination, the primitive ages of mankind, the rude contriv^-nces of the 
early hings of Egypt, for the advancement of agriculture, which have un- 
dergone little change or improvement up to the present hourP^ 

Like every other machine that has yet been named, the date of its ori- 


^ North American Review, Jan. 3839. p. 185-6. ^ History of the Operations of the 

French and British Armies in Egypt. Newcastle 1809. Vol. i, page 92. 

« St. John, “ Egypt and Mohammed Ali.” Vol. i, 10. 
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gin is unknown. From its simplicity, its obvious derivation fromth( 
itive cord and bucket, its employment over all Asia and Egypt 
present time, and its extensive use in tbe ancient world ; there car 
question of its gi-eat antiquity. Vitruvius is alike silent respectii 
origin of this, as of tbe noria and tympanum, and doubtless for tlr 
reason — tbeir origin extended too far into the abyss of past ages to 
covered. It is singular that the ancients, who attributed almost 
agricultural and domestic implement to one or other of their deities, 
not have derived the equally important machines for raising water 
similar source. The origin of the plough they gave to Osiris, of the - 
to Occatorj the rake to Sarritor, the scythe to Saturn, the sickle to 
l\ie flail to Triptolemus, &c.; and as they attributed the art of ma 
ground to a god, they surely ought to have given the invention 
chines to -irrigate it to another. 

To the chain of pots, there is an allusion in the beautiful descrip i 
the decay and death of the human body, in the 12th chapter of I 
astes : “ Or ever the silver cord be loosed, or the golden bowl be b 
or the pitcher be broken at the fountain, or the wheel broken at t 
tern.’' In the east, the chain is almost uniformly made of cord or 
and the former part of the passage appears to refer to the ends, 
a.re spliced or tied together, becoming loosened, when the vessels 
necessarily be broken, for the whole would fall to the bottom ; an 
rence which is not uncommon. The term silver cord, is expressiv 
whiteness i the result of its constant exposure to water and the blc 
effect of the sun's rays : and golden bowl refers to the red eartk 
pots or vases, in which the water is raised. Both pots and cords 
ing with water, and glittering in the sun, presented to the vivid ir 
tions of the orientals, striking resemblances to burnished gold and 
The circulation of the stream of life in man, (his blood)® its inter: 
in disease and old age, his energies failing, and the mechanism 
frame wearing out, and at last ceasing forever to move; are forcibl 
trated by the endless or circulating cord of this machine; its raising 
waters and dispersing them through various channels, as so many i 
• of life, until its vessels, the pitchers, become broken, and the flow 
stream interrupted, and the wheel, upon which its movements de| 
becoming deranged, broken, and destroyed. 

That the pots or vases are frequently broken, we learn from nu 
travelers. In the account of Joseph's well, in the Grande Descri^ 
is said to be necessary for a man to be in constant attendance, to k 
animals which move it from stopping, and to replace the pitchers I 
hroken. And that the wheels were often deranged is more th 
bable, when we consider how exceedingly rude and imperfect 
construction over all the east. The surprise of travelers has ofte 
elicited by their continuing to work at all, while exhibiting every s} 
of derangement and decay. The water wheels, pots, ropes, 
Mr. St. John, ‘*had an extremely antique and dilapidated appearanc 
if much used, would undoubtedly fall to pieces.”^ We are told 
more striking picture of rude and imperfect mechanism could scai 
conceived ; and it is not improbable, that the ‘ Egyptian Wheel' as 
blem of instohUityy had reference to its defective construction ai 


*^That the circulation of the blood was known to die ancients, see Dutens' 
into the origin of the discoveries attributed to the Moderns 7 Lon. 1769, pp. 
^ Egypt and Mohammed Ali, i, 3*26, 127. 
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stant liability to derangement, as mucb so as to its rotary movement. Nor 
is it likely that they were much superior at any time in Judea, for the 
Jews never cultivated the arts to any extent. The mechanics among 
them when they left Egypt were probably more numerous and expert 
than during any subsequent period of their history. In the eleventh cen- 
tury B. C. when Saul began to reign, there was not a blacksmith in the 
land, or one that could forge iron ; they had been carried, off by the Phi- 
listines; and although David at his death left numerous artificers, when his 
son built the temple and his own palace, he obtained mechanics from Tyre. 

It is moreover possible that the plaints and moanings incident to old 
age, ‘when the grasshopper shall be a burden and desire shall fail,' were 
also intended to be pointed out by the perpetual creaking of these rickety 
machines, as indicative of approaching dissolution. The harsh noise they 
make has been noticed by several travelers. St. John speaks of the creak- 
ing sound of the waterwheels; ^and Stephens, in his ‘Incidents of Travel,' 
observes, “ it was moonlight, and the creaking of the water wheels on 
the banks, (of the Nile) sounded like the moaning spirit of an ancient 
Egyptian.” 


ON THE ENGINE THAT RAISED WATER FROM THE EUPHRATES TO SUPPLY THE 
HANGING GARDENS AT BABYLON. 

There is a machine noticed by ancient authors, which probably belongs 
to this part of our subject, and it is by far the most interesting hydraulic 
engine mentioned in history. Some circumstances connected with it, are 
also worthy of notice. It was constructed and used in the most ancient 
and most splendid city of the postdiluvian world ; a city which according 
to tradition existed like Joppa, before the deluge: viz. Babylon — a city 
generally allowed to have been founded by the builders of Babel; subse- 
quently enlarged by Nimrod; extended and beautified . by Semiramis; 
and which .reached its acme of unrivaled splendor under Nebuchadnezzar. 

The engine which raised the water of Ae Euphrates to the top of the 
walls of this city, to supply the pensile or hanging gardens, greatly ex- 
ceeded in the perpendicular height to which the water was elevated by it, 
the most famous hydraulic machinery of modern ages ; and like most of 
the works of the remote ancients, it appears to have borne the impress of 
those mighty intellects, who never .suffered any physical impediment to 
interfere with the accomplishment of their designs ; and many of whose 
works almost induce us to believe that men ‘ were giants in those days.' 
The walls of Babylon, according to Herodotus, i, 178, were 350 feet high! 
Diodorus Siculus and others make them much less; but the descriptions 
of them by the latter, it is alleged, were applicable only, after the Per- 
sians under Darius Hystaspes retook the city upon its revolt, and demo- 
lished, or rather reduced their height to about 50 cubits ; whereas the fa- 
ther of history gives their original elevation, and incredible as it may ap- 
pear, his statement is believed to be correct. He is the oldest author 
who has described them ; and he visited Babylon within one hundred and 
twenty years of Nebuchadnezzar’s death; and four hundred before Dio- 
dorus flourished. He has recorded the impressions which at that time, 
the city made on his mind, in the following words, “ its internal beauty 
and magnificence exceed whatever has come within my knowledge;” and 
Herodotus, it must be remembered, was well acquainted with the splen- 
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come down to our times ,* descriptions of tkem by ancient authors, would 
have been deemed extravagant or fabulous, and their dimensions reduced 
to assirailatfe them with the works of modern • times : so strongly are 
we inclined to depreciate the labors of the ancients, whenever they 
greatly excel our own. According to Berosus, who is quoted by Jose- 
phus, Antiq. x, 11, it was Nebuchadnezzar who constructed these gardens, 
so that the prophet Daniel must have witnessed their erection, and also 
that of the hydraulic engine ; for he was a young man when taken a cap- 
tive to Babylon in the beginning of Nebuchadnezzar’s reign, and he con- 
tinued there till the death of that monarch and of his successor. Amytis, 
the wife of Nebuchadnezzar, was a Mede, and as Babylon was situated 
on an extensive plain, she very sensibly felt the loss of the hills -and 
woods of her native land. To supply this loss in some degree, these fa 
mous gardens, in which large forest trees were cultivated, were con- 
structed. They extended in terraces formed one above another to the 
top of the city walls, and to supply them with the necessary moisture, 
the engine in question was erected.^ 

As no account of the nature of this machine has been preserved, we 
are left to conjecture the principle upon which it was constructed, from 
the only datum afforded, viz : the height to which it raised the water. 
We can easily conceive how water could have been supplied to the upper- 
most of these gardens by a series of machines, as now practised in the east 
to carry water over the highest elevations — but this is always mentioned 
as a single engine, not a series of them. Had its location been determim 
ed, that circumstance alone, would have aided materially in the investi- 
gation ; but we do not certainly know whether it was placed on the highest 
terrace — on a level with the Euphrates — or at some intermediate elevation. 
The authors of the Universal History remark, “upon the uyypermostoi these 
terraces was a reservoir, supplied by a certain engine, from whence the 
gardens on the other terraces were supplied.” They do not say where the 
engine itself was located. Bollin places it on the highest part of the gar- 
dens : “ In the upper terrace there was an engine or kind of pump by 
which the water was drawn up.” 

The statement of an engine having been erected at the top is probably 
correct, for we are not aware that the ancients at that period possessed 
any machine which, like the forcing pump, projected water above itself. 
Ancient machines, (and every one which we have yet examined, is an ex- 
ample,) did not raise water higher than their own level. But if sucking 
and forcing pumps were then known and used in Babylon, a period howev- 
er, anterior to that of their alleged invention, of at least 500 years, still if 
this engine was placed on the uppermost terrace, both would have been 
wholly inapplicable. If therefore we incline to the opinion that this en- 
gine was a modification of one of those ancient machines, which we have 
already examined ; we are not led to this conclusion by supposing the 
state of the arts in Babylon at the period of its construction, to have 
been tpo crude and imperfect to admit of more complex or philosophical 

^ Paintings found in Pompeii, represent Villas of two stories having trees planted on 
their roofs. These kind of gardens were probably not very uncommon m ancient 
times in the east, though none perhaps ever equaled those of Babylon. They have 
be<en continued to modem times in Asia. Tavernier, when in Bagnagar (the modern 
Hyderabad) the capital of Golconda, found the roofs of the large courts of the palace 
terraced and containing gardens, in which were trees of such immense size “ that it is 
a thing of great wonder how those arches should bear so vast a burden.” The origin 
of these and of the city was similar to that of the Babylonian gardens. The King at 
the importunity of Nagar, one of his wives, founded the city and named it after her 
Bagnagar— ~i. e, the gardens of Nagar.” 
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apparatus — on tlie contrary, we know tkat the Babylonians carried many 
of the arts to the highest degree of refinement. “ They were great con- 
trivers,” in this respect, and ** fell short of no one nation under the sun, 
so far from it, that they in a great measure showed the way to every na- 
tion besides.” Univer. His. Vol. i, 933. Besides, it is certainly more 
philosophical to suppose this famous engine to have been a modification 
of some machine, which we have reason to believe was used in Chaldea at 
that time, and capable of producing the results ascribed to the Babylonian 
engine, than of any other of which that people possibly knew nothing. 

Of all ancient machines, the chain of pots was certainly the best adapt- 
ed for the purpose, and if we mistake not, the only one that could, with 
any regard to permanency and effect, have been adopted. It stands, and 
justly so, at the head of all ancient engines for raising water through great 
elevations ; and it may be doubted whether any machine could now be 
produced bette?' adapted for the hanging gardens of Babylon — either in the 
economy and simplicity of its construction ; durability and effect ; or be 
less liable to derangement, less expensive, or less difficult for ordinary 
people to repair. The project of raising water through a. perpendicular 
elevation, exceeding three hundred feet, in numerous vessels attached to 
an endless chain, would probably startle most of our mechanicians ; and 
some might suppose that the weight of so long a chain, if made of iron, 
would overcome the tenacity of the metal ; but almost all the works of 
the remote ancients partook of the same bold features. Magnitzcde in some 
of their machines, is as surprising as in other departments of their labors. 
Their engineers seem to have carried it to an extent that in modern days, 
would be considered as verging on the limits of the natural properties of 
materials. 

That the chain of pots was the standard machine for raising water in 
quantities from great deyths would appear from Vitruvius, since it is the 
only one adapted for that purpose which he has described, except the 

machine of Ctesibius and as he professes to give an account of the 

various machines for raising water,” and his profession as a civil engi- 
neer would necessarily render him familiar with the best of them, it is 
clear that he was ignorant of any other having been in previous use. 
That the engine at Babylon was no other than the chain of pots, may be 
inferred from the employment of the latter in Joseph’s well, where it 
raises water to an elevation nearly equal to that ascribed to the former ; 
and if the subject were of sufficient interest, we think a connection might 
be traced between them, if Joseph’s well be, as supposed, a relic of Egypt- 
ian Babylon. Both Egypt ttnd Chaldea were subject to the same monarch 
at the time that city was built. Twenty two or three years only had elapsed 
after Nebuchadnezzar’s death when Cyrus took Babylon, and with it the 
empire ; and nine years after he was succeeded by his son Cambyses, who 
when in Egypt, it is alleged, founded a city on the site of modern Cairo, 
and named it after old Babylon. Cambyses reigned seven years and five 
months. If, therefore, the Babylonian machine was superior to the ‘ chain 
of pots,’ (and it must have been, if it . differed at all from the latter, for 
otherwise it would not have been selected,) then it would, we think, as a 
matter of course, have been adopted also in Joseph’s well, in which the 
water was required to be elevated to about the same height as in the 
hanging gardens. Besides, if it possessed peculiar advantages, it would 
certainly have been presci'ved in use, as well as the chain of pots, for the 
wealth, comfort, and even existence of the people of the east, have at all 
times depended too much upon such machines to suffer any valuable one 
to be lost. 
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But was the chain of this machine formed of metal, or of rof 
the latter we have no doubt. They are generally made of flax or fibi 
palm tree at the present day over all the east. In great elevatioi 
of rope possess important advantages over those of metal, in th( 
rior lightness, being free from corrosion, and the facility of repairi 
But by far the most interesting problem connected with the Be 
engine is, was the water of the Euphrates raised by it to the hig 
race at a single lift 2 If we had not been informed of one reseri 
on the upper terrace from whence the gardens on the others we: 
ed,’’ we should have supposed the water really raised as in Josef 
i. e. by or even more separate chains ; and as it is, we canne 
that so ingenious a people as the Babylonians would raise the 
the water which the gardens required to the uppermost terrace, ■ 
greatest portion of it was not wanted half so high. As the size o 
races diminished as they approached the top of the walls, it is prol 
full two thirds of the water was Consumed within one hundred f< 
ground. *We therefore conclude that this famous engine was c 
of at least two, and probably more, separate chains of pots ; and e' 
it might with as much propriety, be noticed by ancient authors as 
machine, as that at Cairo still is, by all modern travelers. W 
says, the famous gardens at Babylon had canals, some of ‘‘ wh 
supplied by pumps and other engines.” And Kircher in his Pun 
1679, represents fountains d^ndi jets d’eau on every terrace. 



No. 57. Rope Pump. 


There is another device that belongs to this chapter. Ever 
knows, that where water is dispersed over extended surfaces, and o 
ited depth to allow the use of a vessel to scoop it up, various si 
are employed to absorb it, as sponge and woolen rags, and from v 
separated by pressure. A housemaid, when washing a floor, thu 
in a cloth the liquid dispersed in the purifying process ; and b 
ing returns it to the vessel. The process is substantially the san 
adopted to raise water in Vera’s Hope Pump. See No. 57. 

This machine consists of one or more endless ropes, formed c 
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spun wool or horse hair, and stretched on two pulleys like the endless 
chain of pots. These pulleys have grooves formed on their surfaces for 
the reception of the ropes. One of them is placed over the mouth of a 
well, and the other suspended in or secured to the bottom. A rapid mo- 
tion is communicated to the upper pulley, by a multiplying wheel, and 
the ascending side of each rope then carries up the water absorbed by it ; 
and which is separated from it when passing over the upper pulley, partly 
by centrifugal force, and partly by being squeezed in the deep groove, or 
by passing through a tube as shown in the figure. In the beginning of 
the motion, the column of water adhering to the rope, is always less than 
when it has been worked for some time, and continues to increase till the 
surrounding air partakes of its motion. By the utmost efforts of a man, 
nine gallons of water were raised by one of these machines from a well, 
ninety-five feet deep, in one minute. Adam’s Philos. Vol. iii, 494. 

The HYDRAULIC BELT is a similar contrivance. It is an endless double 
band of woolen cloth, passing over two rollers, as in figure 57. It is driven 
with a velocity of not less than a thousand feet per minute ; when the water 
contained between the two surfaces is carried up and discharged as it passes 
over the upper roller, by the pressure of the band. Some machines of 
this kind are stated to have produced an effect equal to seventy-five per 
cent, of the power expended, while that of ordinary pumps seldom ex- 
ceeds sixty per cent. See Lon. Meehan. Mag. Vol. xxix, page 431. 


CHAPTER XVI. 

The Screw — ^An original device — Various jnodos of constructing it—Roman Screw — Often re-invented 
— ^Introduced into England from Germany — Combination of several to raise water to great elevations — 
Marquis of Worcester’s proposition relating to it, exemplified by M. Pattu— Ascent of water in it 
formerly considered inexplicable — Its history — Not invented by Archiraedcs—S opposed to have been in 
early use in Egypt— Vitruvius silent respecting its author — Conon its inventor or re-inventor — ^This phi- 
losopher famous for his flattery of Ptolemy and Berenice— Dinocrates the architect — Suspension of metal 
lie substances without support — ^The screw not attributed to Archimedes till after his death — ^Inventions 
often given to others than their authors — Screws used as ship pumps by the Greeks — ^Flatterers like 
Oonon too often found among men of science — ^Dedications of European writers often blasphemous — 
Hereditary titles and distinctions — ^Their acceptance unwortliy of philosophers — Evil influence of scien- 
tific men in accepting them — ^Their denunciation a proof of the wisdom and virtue of the framers of the 
U. S. Constitution — Their extinction in Europe desirable — ^Plato, Solon, and Socrates — George UI — 
George IV — James Watt — ^Arago— Description of the ‘ Sy^racusan,’ a ship built by Archimedes, in 
which the Screw Pump was used. 

The Cochleon or Egyptian Screw, the macMne next described by 
Vitruvius, is, in every respect, the most original one of wbicb be has giv- 
en an account. Unlike the preceding, wbicb appear to bave been in a 
great measure deduced from eacb other, it forms a species of itself ; and 
whoever was its inventor, be has left in it a pr^of of bis genius, and a 
lasting monument of bis skill. If it be not the earliest hydraulic engine 
that was composed of tubes, or in the construction of wbicb they were in- 
troduced, it certainly is the oldest one known of that description; and in 
its mode of operation it differs essentially from all other ancient tube ma 
chines ; in the latter the tubes merely serve as conduits for the ascending 
water, and as such are at rest; while in the screw it is the tubes tbemsolves 
in motion that raises the liquid. • 
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This machine has been constructed in a variety of ways. Somi 
by winding, in the manner of a screw, one or more flexible 

(generally of lead or strong 
er) round a cylinder of W( 
iron. This cylinder is sus 
by gudgeons in such a po 
that at whatever angle wi 
horizon it is used, the ph 
the helix must always be in 
to its axis at a greater angle 
erwise no water could be 
by it any more than by ti 
it in the wrong direction, 
lower end being immersed 
ter, the liquid enters, the tul 
is gradually raised by each 
lution until it is discharged i 
These machines are com 
used at an inclination to th< 
zon of about 45°, although 
sometimes are placed at 60° 
the figure. 

No. 58. Screw. Instead of tubes wound 

a cylinder, large grooves were sometimes formed in the latter and 
ed by boards or sheets of metal, closely nailed to the surfaces be 
the grooves — so that the latter might be considered as tubes sun 
the cylinder, instead of being folded round its exterior. 



No. 59. Roman Screw. 


Another mode was to make the threads of plank, arranged as a 
ound a solid cylinder, which was fitted with journals, and m 
revolve in a holloMT cylinder of the same length ; the edges 
tremities of the threads rubbing against the sides of the latter, an( 
sequently producing the sgme effect as No. 58. This modification 
cochleon is known as the G-erman Snail. It has this advantage, 
may be worked in an open channel, or half a cylinder instead of a 
one, since it is only the lower half of the latter, that is essential 
the operation of raising water. Machines of this kind of large 
sions have long been employed by the Dutch, and are generally 
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by windmills. But the outer cylinder is more generally fixed to the 
edges of the helix, and turned with it. It was made in this manner by 
the ancient Komans ; the outer cylinder or case was of plank, well joint- 
ed together, and nailed to the edges of the screw, and the whole cemented 
with pitch, and bound together by iron hoops. It was moved like the 
noria, &c. “ by the walking of men.’’ Vitruvius, B. x. Chap. 11. See 
No. 59. 

The screw as represented in the preceding figures, has never been lost 
to the world since its invention, although it has long been unknown in that 
country in which it was devised — Egypt. It appears early in printed 
books. In the first German edition of Vegetius, (1511) it is figured, and 
nearly in a vertical position. A laborer with a feather in his cap, and a 
sword at his side, is seated across the top of the frame, and turns it by a 
crank.*^ , 

Like almost every other hydraulic engine, the screw has often been 
re-invented. Cardan mentions a blacksmith of Milan, who imagining him- 
self its original inventor, “ for joy, ran out of his wits,” and the writer 
recollects when a boy, hearing of an ingenious shoemaker Jn much the 
same predicament. It appears to have been, like other machines for the 
same purpose, introduced into England from Germany, “ The Holland- 
ers, (says Switzer,) have long ago, as some books that I have seen of 
theirs of fortification intimate, us’d them in draining their morassy and 
fenny ground, wlteme they have heen brought into England; and used 
in the fens of Lincolnshire, Cambridgeshire and other low countries. 
Those of the smallest kind that are worked by men have only an iron 
handle, as a grindstone has; but the largest that are wrought by horses, 
have a wheel like the cog-wheel of a horse mill. This engine, (he con- 
tinues,) which takes hold of the water, as a cork screw does a cork, will 
throw up water as fast as an overshot wheel, whereby in a short time, an 
infinite number of water may be thrown up; and I remember when the 
foundation of the stately bridge of Blenheim was laid, we had some of 
them used with great success ; and they are also used in the New River 
Works, about Newbury, BerJcsJdre, and said to be the contrivance of a 
common soldier, who brought the invention out of Flanders.” Hydros- 
tatics, 296, 298. 

When employed to raise water to great elevations, a series of two, 
three, or more, one above another, have been employed ; the lower one 
discharging its contents into a basin, in which the inferior end of the next 
above is immersed, the whole being connected by cog wheels. Thus an 
old author observes, “ you may raise water to any height in a narrow place, 
viz. within a tower to the top thereof, as we have known done at Au~ 
gusta, in G ermany ; to wit, if the spiral pipes bo multiplied, so that the 
water being raised by the lower spiral, and being poureci out into some re- 
ceptacle or cistern ; hence, it may be raised higher again by another spiral, 
and so successively by more spirals, as high as you please, all which spir- 
als may be moved by one power, viz. by the water of a river underneath, 
or by another animated power,” Moxon. 

It was one of the objects of the Marquis of Worcester, and his ‘ unpa- 
ralleled workman, Caspar Kaltoff,’ to avoid the necessity of thus cornbin- 

^ Whether sitting.yvm the usual position of European laborers and mechanics when 
at work, in the middle ages, we know not; but Cambden has a remark which intimates 
that all English mechanics had not in his time, abandoned this oriental custom In con- 
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ing a number of them together, as appears from the fifty-third proposition 
in the ^ century of inventions,^ “ A way how to make hollow and cover 
a water screw, as “ big and as long as one pleaseth, in an easy and cheap 
way.” How, and of what materials he made this, is not known, but the 
fifty-fifth proposition, in the following words, has been fully and practical- 
ly developed by a French engineer. A double water screw, the inner- 
most to mount the water, and the outermost for it to descend, more in 
number of threads, and consequently in quantity of water, though much 
shorter than the innermost screw by which the water ascendeth ; a most 
extraordinary help for the turning the screw to make the water rise.” In 
1815, M. Pattu published an account of the following improvements, by 
which the ideas of Worcester are realized. 



No. 60. represents two separate screws formed on the same axis, one 
of which, A, is long and narrow and serves for the nucleus of C, which 
is much wider and shorter. This is designed to propel the former. The 
threads of both wind round the axis in opposite directions, so that when those 
on one appear to be moving upwards, those on the other seem to be going 
downwards. The water from the stream M, is directed into the top of 
the large screw, and by its weight (as on an overshot wheel) puts the 
whole in motion, and consequently the water at O, in which the lower end 
of A revolves, is raised into the cistern at B. No. 61 is merely the same 
machine inverted. It illustrates the applications to such locations as have 
a short fall above the place to which the water is to be raised. In No. 62 
the small screw drives the large one, through which the water from the 
lowest level is raised sufficiently high to be discharged at an intermediate 
one, as at G. From these figures it will be perceived that the screw has 
been employed like the noria and the chain of pots, to transmit power. 

This machine was formerly considered as exhibiting a very singular 
paradox, viz. that the water “ ascended by descending,” and the mystery 
was, how both these, operations could be performed at the same time, and 
yet produce so strange a result. It was remarked that when those form- 
ed of glass, were put in motion, the water ran doiim the under side of each 
turn of the tubes, and continued thus to descend until it was discharged 
at the top ! The whole operation and the effects being visible, there 
seemed no room for dispute, however contrary to acknowledged princi- 
ples the whole might appear. The case was apparently inexplicable, and 
seemed to present a parallel one to that of the asymtote ; the properties 
of the latter being as incapable of demonstration to the senses, as the supr 
posed operation of this machine could be reconciled to the mind. Indeed 
the proposition, that two geometrical lines may continue to approach each 

tliA ■nnssa.il^il-itTr n-f* r*nTr»inD’ in r'.nTita.r’.t.. is n/nnon.Tfvnll.'ii. 
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its passage through the screw was altogether an illusion. On the contra 
ry, it is uniformly raised by the continual elevation of that part of the’ tub^ 
which is immediately behind the liquid, and which pushes it up in a man- 
ner analagous to that represented by the following diagram. 

Suppose AY, the edge 
of a wide strip of cloth 
or tape, secured at both 
ends, at an angle with 
the horizon, as repre- 
sented, and upon which 
the boy^s marble or 
ball at P, can roll. If 
No. 63. we hold the pen with 

which we are writing 

under the tape between P Y, and raise that part into the position indicated 
by the dotted lines ; the ball would necessarily be pushed forward to E ; 
and if the pen were then drawn towards B on the line D B, the ball would 
be carried up to A, and without deviating in its path from the line Y A. 
If A Y were the under side of a flexible pipe or gutter, containing 
water at E in place of the ball, it is obvious that it would also be raised 
to A, in alike manner. By the same principle water is raised in the screw, 
and we may add, in much the same way, for the rotation of the screw is 
merely another mode of effecting the same thing, which we have suppos- 
ed to bo done more directly by the pen, i. e. by producing a continual ele- 
vation of the plane immediately behind the ball or the water. The path 
of the latter through a screw is the same as that of the ball, while the 
curves assumed by the tape, as in the dotted lines, represent sections of 
the helix, and the lines D B, A Y, of the cylinder within which it is 
formed. 



All the ancient machines hitherto examined, have come down from pe- 
riods so extremely remote, that not a single circumstance connected with 
their origin or their authors has been preserved. The screw is the first 
machine for raising water, whoso inventor, or alleged inventor, has been 
named ,* and yet, n-om the imperfect and mutilated state of such ancient 
writings that incidentally mention it, and the loss of others which treated 
j)rofessedly on it, the question of its origin is far from being settled. Al- 
though it is said to have been invented by Archimedes and has long been 
named after him, there are circumstances which render it probable that 
Diodorus Siculus and Atheneus were mistaken when they attributed it 
to the great philosopher of Syracuse. Had the account of this machine 
which Archimedes himself wrote, been preserved, there would have been 
no occasion to reason on its origin or its author ; but unfortunately this, as 
well as his description of pneumatic and hydrostatic engines, “ concerning 
which he wrote some hooks,’’ are among those that have perished. 

There is no reason to believe that Archimedes himself ever claimed its 
invention ; and his countryman Diodorus, who lived two hundred years 
after him, and upon whose authority chiefly it has been attributed to him, 
admits that it was invented by him m Egypt ; thus allowing it to have been 
devised in that country, whence the Greeks derived all or nearly all that 
was valuable in their philosophy and their arts. Every person knows 
that Egypt was the grand school for the nations of old, in which the learn- 
ed men of other countries were instructed in every branch of philosophy — 
for the cultivation of which the Egyptians were celebrated even in the 
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time of Moses — Whence it frequently happened, that after returning to 
their homes imbued with the ' wisdom of Egypt,* philosophers were .con- 
sidered by their countrymen as the authors of doctrines, discoveries and 
machines, which they had acquired a knowledge of as pupils abroad. It 
is not therefore impossible, that that which occurred to Thales and Pyth- 
agoras, Lycurgus and Solon, Plato and many others, may also have hap- 
pened to Archimedes with respect to this machine. It has been supposed 
that the screw was employed in Egypt ages before he visited that country; 
of this, however, there is no direct proof; perhaps an examination of the 
immense mass of sculptures in the temples, and tombs of Thebes and Beni- 
Hassan, &c. may yet bring to light facts illustrative of the use of this and 
other machines for the same purpose in very remote times. Its ancient 
name of Egyptian screw indicates its origin. 

The silence of Vitruvius respecting its origin, if Archimedes was the 
inventor, is singular ; for through the whole of his work he appears stu- 
dious to record the names of inventors. He was contemporary with 
Diodorus, and had therefore equal opportunities of ascertaining its history, 
while from his profession, and the nature of his work, a more perfect ac- 
count of it would be expected from him than from the other. The 
Roman architect had indeed every inducement, (except such as were un- 
worthy of him,) to record the name of the Prince of Ancient Mathemati- 
cians as its author, if such he knew him to be. The reputation of Ar- 
chimedes; his splendid discoveries; his famous defence of his native city; 
his melancholy death ; the interest which Marcellus took in his. fate ; the 
erection of his tomb by that General ; and its discovery by Cicero amidst 
thorns and rubbish, one hundred’and forty years after his death, and in the 
lifetime of Vitruvius — ^induce us to believe that, as a candid philosopher 
and admirer of learned men, and of Archimedes himself, (B. i, Chap. 1.) 
he would certainly have awarded to the latter the honor of its invention, 
if he believed him entitled to it, either from the testimony of ancient wri- 
ters, or from traditional report. 

But if this machine was not invented by him, to whom then is the 
world indebted for iti We reply — if it really be not more ancient than 
the Ptolemaic era — to a Grecian philosopher of Samos, who was contem- 
porary with Archimedes. Some readers will recollect that when Ptolemy 
Evergetes, the son and successor of Philadelphus, departed on a dangerous 
expedition, the success of which, according to Rollin, was foretold by 
Daniel, (xi, 7, 9,) his wife Berenice, influenced by a principle of supersti- 
tion, that at one time was universal, vowed to sacrifice her greatest orna- 
ment, the hair of her head, to the Goddess Venus, if he was successful 
and restored to her in safety. Upon his victorious return, she cut off hei 
locks and dedicated them in that temple which Philadelphus had founded 
in honor of her mother Arsinoe ; the dome of which temple was intend- 
ed to have been lined with loadstone, that the iron statue of Arsinoe mighi 
be suspended in the air ; but the death both of Dinocrates the architect 
and Philadelphus, prevented the completion of a building that would have 
rivalled the most perfect of all human productions ; a work, which proba- 
bly gave rise to the story of the suspension of Mahomet’s coffin.® 

That metallic substances have been actually suspended without any tangible suppor 
appears from Poncet, to whose travels in Abyssinia we referred in the last chapter. H< 
declares that he beheld in a monastery in that country, a golden staff about four fee 
long, thus suspended in the air; and to detect any deception he desired permission t< 
examine it closely, to ascertain whether there was not some invisible prop or support 

To take away all doubt (he says) I passed my cane over it and under it, and on al 
sides, and found that this staff of gold did truly hang of itself in the air.’' Ed. Encyc 
Vol. xiii, p. 46. - 
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Sometime afterwards, this consecrated hair was missing from the tem- 
ple, having been lost through the negligence of the priests, or perhaps 
designedly concealed. No occurrence was more likely to create alarm 
among a superstitious people, or to excite the ire of a despotic monarch, 
than such an insult to their Gods, and to his favorite queen. In this di- 
lemma, an astronomer of Alexandria, in order to make his court to Ever- 
getes, had the effrontery to give out publicly that Jupiter had carried off 
the locks of Berenice to heaven, and had formed them into a constellation ! 
And as a proof of his assertion he pointed to an unformed cluster of stars 
near the tail of Leo, as Berenice’s hair ! And * Coma Berenices^ is the 
name by which these stars are known to this day. 

It was this artful courtier and astronomer who either invented or re-in- 
vented the screw. He was named Conon of Samos, and sometimes 
Conon of Alexandria, from his residence in Egypt. He was an intimate 
friend of, and greatly esteemed by Archimedes ; and it would seem that 
they communicated their writings and discoveries to each other. When 
the former devised this machine, Archimedes we are told demonstrated 
and fully exyAamedits j)ropcrties ; for Conon himself was not fortunate in 
Iris demonstrations. (Baylo.) Prom this circumstance the name of its in- 
ventor was in time forgotten, and it eventually became known as the Ar- 
chhnedian screw ; but probably not till long after the death, both of its 
author and illustrator. 

Similar instances arc not uncommon in modern times ; they have in fact, 
always occurred. Thus, the in stnimont known as Hadley’s Q,uadrant was 
really invented by Godfrey of Bhiladelphla. The compass was known 
l)efore Flavlo Gioia, although the Flmrr de Lis, by which he designated 
the north in compliment to his sovereign, is used to this day. Gunpowder 
was used agcjs before Schwartz was l)orn — and these continents bear the 
name of Vespucci, not that of Columbus orBeliaim. 

As Conon died before Archimedes, (see Bayle) and probably in Egypt, 
it is very po.ssil)lc (supposing it originated with the former) that it was 
first introduced into Europe by tlie latter ,* a circumstance quite sufficient 
to connect his name permanently with it there. Atheneus mentions par- 
ticularly its application by him to raise water from the hold of the ship, 
which was built under his directions for Hiero ; and if an observation of 
the same author can bo relied on, it is evident that ho was the first to 
make it known to Grecian mariners ; for he asserts, that they held his 
memory in great estimation, for having enabled them to carry off the wa- 
ter from the holds of their vessels by it. 

, It is greatly to be regretted that men of science should ever be found 
among the flatterers of despots ; yet the obsequiousness of Conon has been 
imitated in modern as in ancient times. Custom may yet, in some degree 
sanc-tion or rather screen the practice from reproach ; but the period is, 
wti l)elieve, rapidly approaching when it will bo subjected to general de- 
risioti, as not only injurious to the reputation of scientific men themselves, 
blit to science and the world at large. Our sentiments on this suliject may 
be reprobated by some persons, and approved of by few, — still we believe 
they are such as conduce to the general welfare of our race, and such as will 
one day universally prevail, and believing this, we express them without he- 
sitation — •otli(?rE may condemn them as out of place here, but in our opinion 
the evils they diiprecate will not be removed until they are generally de- 
nounced in works devoted to the arts. Nay, we would introduce such 
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vated talents wherever they are found. ‘ We might as well (says Seneca) 
commend a horse for his splendid trappings, as a man for his pompous ad 
ditions.’ 

Let any unsophisticated mind peruse the dedications of European works, 
in almost all departments of science, for the last two centuries, and he 
will find every attribute of the Deity blasphemously lavished on the inlest 
of princes, and on titled dolts, with a degree of ardor and apparent sin- 
cerity, that is as loathsome as the grossest practices of heathen idolatry. At 
the same time, these individuals who thus idolize, sometimes an idiot,' at 
others an infant, and often a brute, affect pity for the ignorance and super- 
stition of ancient pagans and modern savages. 

But why this display of servile adulation 'I F ormerly to obtain bread : 
in later times to procure title, hereditary title. 

If there is one class of men, whose extensive knowledge of nature, 
and the sublimity of whose studies should lead them thoroughly to des- 
pise the tinsel and trappings of courts, and the unnatural, and to the 
great mass, degrading distinctions in European society, it is astronomers ; 
men whose researches are preeminently calculated to ennoble the mind, 
whose labors, have elicited the highest admiration of their talents, and 
whose discoveries have opened sources of intellectual pleasures so refined, 
that pure intelligences might rejoice in them. That such men should stoop 
to lay at the feet of ignorant and sensual despots, their fame, their learning, 
and in some degree the science of which they are the conservators, and 
accept from those, who are immeasurably their inferiors, what are prepos^ 
terously named titles of honor, i. e. puerile and artificial distinctions, 
which, while they profess to advance those who are already in the fore- 
most ranks of society — really lower and degrade them — titles, relics of 
times when men were advanced but a few steps from the savage state, and 
conferred by ceremonies which are the very essence of buffoonery, — ^is 
truly one of the most lamentable facts connected with the history of mo- 
dern science. 

Learned men by thus connecting themselves with the state, consummate 
an unholy, an unnatural alliance, and subject even science herself (al- 
though they may not intend it) to politicians to speculate on. They in a 
measure, commit suicide on their fame, by thus supporting political insti- 
tutions, that can only exist by silencing the throbbings and stifling the aspi- 
rations of the general mind after knowledge ; institutions, which, like die 
old errors in philosophy, are destined to be exploded forever. It will, we 
think, one day appear strangely incongruous, that some of the brightest 
luminaries of science should have turned to royal despots for factitious rankj 
as if they, in whose fair fame the world feels an interest, could descend from 
their radiant spheres to move as satellites around such, with an increase 
of lustre ! Who can behold without sorrow, these men rendering homage 
by kneeling and other more disgusting mummeries, to individuals who are 
not only their inferiors in every attribute that adorns humanity, but often the 
most atrocious of criminals, and sometimes mere insensates ; to beg a por- 
tion of honey}', and a title to use it ! When the world becomes free and 
enlightened, such examples will be adduced as illustrations of the vaga- 
ries and inconsistencies of the human mind ; and patents of nobility and 
hereditary titles of honor, especially from such sources, will be looked 
upon as satires on science, on the age, and on the intellect of man. 

These titles form the most conspicuous feature in that system of impo- 
sition bv which thp. Eiiro-ncan world has too loner hecn deluded and de- 
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scientific men should have lent their example, to sustain distinctions that 
are a curse to the world. This conduct of theirs, perhaps more than any 
other cause, tends to uphold despotism on the earth. Of their influence in 
this respect, modern despots are fully aware, and which they evince hy 
their anxiety to enlist in their train, every man eminent in any department 
of the arts or of science ; and many of these, it is to be deplored, they too 
often tickle with a feather, or amuse with a trinket, while they put a bridle 
m their lips and yoke them to their cars. 

The lust after titles and distinctions, incident to monarchical govern- 
ments, is in the political and moral world, what the scrofula, or ^ king’s 
evil’ is in the physical : It destroys the healthy and natural organization 
of society, taints its fairest features with hereditary disease, and renders 
the whole corrupt. The wisdom of the fathers of our republic was not 
more conspicuous than their virtue, when they denounced such titles and 
distinctions as forever incompatible with the constitution. Sweep them 
from the earth and man in the eastern hemisphere would become a regene- 
rated being. Nations would no longer be kept in commotion and dread, 
nor their resources be consumed by political and military gladiators ; nor 
would the abominable boast of one people in conquering and plundering 
another be deemed creditable ; but when peace and virtue, science and 
the arts, would alone confer honor, and their most distinguished cultivators 
be deemed the most noble. 

Plato was no worshipper of Dionysius, nor Solon of Croesus ; and 
when the talented but unprincipled Archelaus of Macedon, drew numer- 
ous philosophers around him, by his wealth and the honors he conferred 
on them, Socrates refused even to visit him as long, said he, as bread 
was cheap and water plenty at Athens. 

Although the ancient world confirmed the name given to one of the 
constellations by Conon, the modern one refused to sanction a similar at- 
tempt to designjitc the remotest planet in our system, after the name of a 
king who was remarkable for his lack of intelligence— a bigot — and who, to 
preserve his prerogative, shod hlood as water. Yet to that man, and to 
his son and successor, who, if he possessed more intelligence than the pa- 
rent, \^a8 the grossest sensualist of the age, and contact with whom was 
pollution, did some of the votaries of science kneel as to ^tiie fountains 
OP honor!’ and to receive a portion of it at their hands! while b. me- 
chaniCf to whoso glory it will ever be mentioned, could duly appreciate 
the offered bauble and reject it, if not with disdain. James Watt, the ma^ 
thematical instrument maker of Glasgow, the great improver of the steam- 
engine, who conferred more benefits on his country than all the monarchs 
that over ruled over it, and all the statesmen and warriors w’hich it ever 
produced — refused a title. And who ever regretted that Milton was not 
a knight, or Shakcspoax*e a marquis, or Franklin a lord ; or that some of 
the greatest poets and philosophers, philanthropists and mechanicians, that 
ever lived, are known to us simply as such, without having had their 
names bolstered up with preposterous appendages? And who ever sup- 
posed they were less happy without them, less vigorous and successful m 
their researches ; less respected by contemporaries, or less revered by 
posterity ^ 

Long after these remarks were written, M. Arago’s Memoir of Watt, 
reached this country, and on perusing it, we could not but smile at the dis- 
appointment expressed by the great French philosopher, that bis friend 
was not made a. peer. When I inquired into the cause of this neglect, 
[he observes,] what think you was the response 1 Those ^ dignities of 
which you speak, I was told, are reserved for naval and military officers ; 
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for influential members of tbe House of Commons, and for members 
aristocracy. ‘ It is not the custom^ and I quote tbe very pbrase, to 
these honors to scientific and literary men, to artists and engineers/' 
adds, **so much for the worse for the peerage.” Well be it so. I 
humble opinion, it is so much the better for the memory of Watt, 
had such a man to do in a house that presses like an incubus on the 
gies of his country, and the claims to a seat in which, are too often 
as are disgraceful to our common nature % An infinitely higher 
awaits him ; for both Watt and his illustrious eulogist are destined 
cupy distinguished stations in that Pantheon, which is yet to be er 
whose doors will be opened only to the BENEFACTOBS OF I 
KIND. 


There are several’interesting particulars mentionedby Atheneus, re 
ing the magnificent ship narned the ‘ Syracusan/ which was built und 
directions of Archimedes, and to which we have alluded. From the fi 
ing brief description, it will be perceived, that for richness of decor 
real conveniencies and luxuries, (for even that of a library was npt 
looked,) she rivalled, if she did not excel, our justly admired packe 
steam ships. 

Three hundred carpenters were employed in building this vessel, 
was completed in one year. The timber for the planks and ribs 
obtained partly from Mount Etna, and partly from Italy ; other ma 
from Spain, and hemp for cordage from the vicinity of the Rhone, 
was every where secured with large copper nails, [bolts] each of 
weighed ten pounds and upwards. At equal distances all round t 
terior were statues of Atlas, nine feet in height, supporting the 
decks and triglyphs ; besides which the whole outside was adorne« 
paintings; and environed with ramparts or- guards of iron, to prev( 
enemy from boarding her. She had three masts ; for two of these 
sufficiently large were obtained without much difficulty, but a suital 
for the mainmast, was not procured for some time. A swine-herc 
dentally discovered one growing on the mountains of Bruttia. Sh 
launched by a few hands, by means of a helix, or screw machine in^ 
by Archimedes for the purpose, and it appears that she was sheathe 
sheet lead.^ Twelve anchor^ were on board, four of which were of 
and eight of iron. Grappling irons were disposed all round, whi 
means of suitable engines could be thrown into enemies^ ships, 
each side of this vessel were six hundred young men fully armed, i 
equal number on the masts and attending the engines for throwing i 
Soldiers, [modern marines] were also employed on board, and the;y 
supplied with ammunition, i. e. stones and arrows, *by little boy 
were below,’ [the powder monkies of a modern man of war,] whi 
them up in baskets by means of pulleys. She had twenty ranges o 
Upon a rampart was an engine invented by Archimedes, which 
throw arrovi^s and stones of three hundred pounds, to the distanci 
stadium, [a furlong] besides others for defence, and suspended in 
>of brass. 

She seems to have been what is now called ‘ a three decker,’ for 
were ‘ three galleries or corridors,’ from the lowest of which, the 
went down by ladders to the hold. In the middle one, were thirty ] 
in each of which were four beds ; the floors were paved with small 

a European ships were sheathed with sheet lead in the 17th century, at whi 
also wooden sheathing was in vogue. See Colliers’ Diet. Vol. i. Art^ England 


for HierO) two centuries B, C. 
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of different colors, (mosaics) representing scenes from Homefs Iliad 
doors, windows and ceilings were finished with ‘ wonderful art,’ and 
embellished with every kind of ornament. The kitchen is mentioned as 
on this deck and next to the stern, also three large rooms for eating. In 
the third gallery were lodgings for the soldiers, and a gymnasium or 
place of exercise. There were also gardens in this vessel, in which 
various plants were arranged with taste ; and among them walks, propor- 
tioned to the magnitude of the ship, and shaded by arbors of ivy and 
vines, whose roots were in large vessels .filled with earth. Adjacent to 
these was a room, na.med the ^ apartment of Venus,’ the floor of which 
was paved with agate and other precious stones : the walls, roof and 
windows were of cypress wood, and adorned with vases, statues, paint- 
ings, and inlaid with ivory. Another room, the sides and windows of 
which were of box wood, contained a library ; the ceilings represented 
the heavens, and on the top or outside was a sun dial. Anbther apart- 
ment was fitted up for bathing. The water was heated in three large 
copper cauldrons, and the bathing vessel was made of a single stone of 
variegated colors. It contained sixty gallons. There were also ten sta- 
bles placed on both sides of the vessel, together with straw and corn for the 
horses, and conveniences for the horsemen and their servants. At certain 
distances, pieces qf timber projected, upon which were piles of wood, 
ovens, mills, and other contrivances for the services of life. 

At the ship’s head was a large i*escrvoir of fresh water, formed of plank 
and pitched. Near it was a conservatory for fish, lined with sheet lead, 
and containing salt water ; although the well or hold was extremely 
deep, one man, Athene us says, could pump out all the water that leaked 
into her, by a screw pump which Ai'chimedes adapted to that purpose. 
Xliere were probably other hydraulic machines on board, for the plants, 
oathing apparatus, and kitchen, &c. The upper decks ,were supplied 
witli water hy pijm of earthenware and of lead; the latter, most like- 
ly , extending from pumps or other engines that raised the liquid ; for there 
is reason to believe that machines analogous to forcing pumps were at 
tbat time known. 

The * Syracusan’ was laden with corn and sent as a present to the 
Iving of Egypt, upon which her name was changed to that of the ‘ Alex- 
andria.’ Magnificent as this vessel was, she appears to have been sur- 
passed by OH© subsequently built by Ptolemy Philopater ; a description 
oF which is given by Montfaucon, in the fourth volume of his antiquities. 


"For tho Spiral Pump of Wirtz, see the end of the 3d Book 
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CHAPTER XVII. 

The Chain Pump— Not mentioned by Vitruvius— Its supposed origin — Resemblance betwei 
the common pump— Not used by the Hindoos, Egyptians, Greeks or Romans— Derived fron 
Description of the Chinese Pump and the various modes of propelling it— Chain Pump from A 
Paternoster Pumps— Chain Pump of Besson— Old French Pump from Belidor— Superiority oi 
nese Pump— Carried by the Spaniards and Dutch to their Asiatic possessions— Best mode c 
and using it— Wooden Chains — Chain Pump in British ships of war— Dumpier— Modern impi 

Dutch Pump Cole’s Pump and experiments — Notice of Chain Pumps in the American IN 

scription of those in the United States Ship Independence — Chinese Pump introduced into A 
Van Braam— Employed in South America— Recently introduced into Egypt — Used as a sub 
Water Wheels— Peculiar feature in Chinese ship building— Its advantages. 

The chain pump, although not described by Vitruvius, is introdi 
this place, because it seems to be the connecting link between the c 
pots and the machine of Ctesibius. Some writers suppose it to be < 
from the former ; nor is the supposition improbable. Numerous lo 
cumstances would frequently prevent the chain of pots from *bein 
in a vertical position, and when its direction deviated considerab 
the perpendicular, some mode of protecting the loaded vessels w 
cending rugged banks, &c. became necessary. An open tropgh or 
en gutter through which they might glide, was a simple and obvi( 
vice, and one that would occur to most people ; but such a cont 
could not have been long in use before the idea must have been sug 
that pieces of plank or any solid substance which would occupy tlr 
width of the gutter, might be substituted for the pots, since they 
obviously answer tbe same purpose by pushing the water befor 
when drawn up by the chain. If this was the process by which th( 
tion of the chain of pots into the chain pump was effected, there 
little doubt, that old engineers soon perceived the advantages of c 
the top of the gutter, and converting it into a tube ; as the machin 
then be used with equal facility, in a perpendicular, as in an 
position. 

It may be deemed of little consequence to ascertain the circun 
which led to the invention of the chain pump ; yet a knowledg* 
period when this took place would be of more than usual interest 
count of the analogy between it and the ordinary pump, and of tl 
tionship that appears to exist between them. The introduction o\ 
through which water is raised by pallets or pistons, is so obvious 
proach to the latter, that it becomes desirable to ascertain which ( 
bears the relation of parent to the other, or which of them prece< 
other. But to what ancient people are we to look for its authors 
to the Hindoos, or the Egyptians, for it is incredible that either < 
people should have lost it, if it was ever in their possession. Il 
and simple construction — ^its efficiency and extensive application 
certainly have induced them to retain it in preference to others 
value. Nor does it appear to have been known to the Greeks j i 
navigators would never have employed the screw as a ship pi 
Atheneus says they did,) if they had been acquainted with this r 
Of all hydraulic tube machines, the screvy seems the most un 
for such a purpose. It requires to be inclined at an angle that is : 
inconvenient but generally unattainable in ships. But if the Grei 
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the chain pump, the Ramans would have received it from them; whereas 
from the silence of Vitruvius, it is clear that his countrymen were not ac^ 
quainted with it. As an engineer, he would have been sensible of its 
value, and would have preferred it in many cases, in raising water from 
coffer-dams, docks, &c. to the tympanum and noria, which he informs us 
were employed in such cases.® Arch. Book v. Cap. 12: Moreover, if it 
was employed by the Romans, it would have been preserved in use, as 
well as other machines for the same purpose, either in Europe or in 
their African or Asiatic possessions ; but we have no proof of its use at 
all in any of the latter, nor yet in the former, till comparatively modern 
times. 

But if the origin and improvement of the chain pump is due to one 
nation more than another, to whom are we indebted for it ^ To a people 
as distinguished for their ingenuity and the originality of their inventions, 
as for their antiquity and the peculiarity of many of their customs; and 
who by their system of excluding all foreigners from entering the country 
have long concealed from the rest of the world many primitive contrivan- 
ces, viz, the CniNE^, ‘This singular people appear to have had little 
or no communication with the celebrated nations of antiquity, a cir- 
cumstance to which their ignorance of the chain pump may be attribut- 
ed. This machine has been used in China from time immemorial, and 
as connected with their agriculture, has undergone no change what- 
ever. The great re(][uisites in their husbandry “ are manure and wa- 
ter, and to obtain these, all their energies are devoted.’’ Of such im- 
[)ortance is this instrument to irrigate the soil, that every laborer is in 
possession of one ; its use being as ffimiliar as that of a hoe to every 
Chinese husbandman,” an implement to him not less useful than a spade 
to an European peasant.” It is worthy of remark too, that they often use 
it, in what may be supposed to have been its original form, viz. as an open 
gutter ; a circumstance which serves to strengthen the opinion of its origin 
and great antiquity among thorn. Like the peculiarity pf their compass, 
which with them points to the south, it is a proof of their not having received 
it from other people. The Chinese [observes Stauntoh] appear indeed 
to have strong claims to tlio credit of having been indebted only to them- 
selves for the invention of the tools, necessary in the primary and neces- 
sary arts of life ; these have something peculiar in their construction, some 
difference, often indeed slight; but always clearly indicating that, whether 
better or worse fitted for the same purposes as those in use in other coun- 
tries, the one did not serve as a model for the other.”^ 

But the gencrnl form of chain pumps in China, is that of a square 
tube or trunk made of plank ; and of various dimensions acccording to 
the powtjr ernployfid to work them. Those that are portable, with one 
of which every pcnisant is furnished, are commonly six or seven inches in 
diam(‘ter, and Irom eight to ten feet in length. Some are even longer, for 
Van lb*aain, who was several yeajrs in China, and who, as a native of Hol- 
land, was a close observer of every hydraulic device, when speaking of them, 
remarks, that ** they use them to raise water to the height of ten or twelve 
feet ; a .slngk; man works this machine, and even carries it wherever it is 
wanted, as 1 have had occasion to remark several times in the province of 
Quangtoug near Vampou.”*^ A small wheel or roller is attached to each 
end of the trunk, over which an endless chain is passed. Pallets, or 


^ It wuH preferrexl by the architect of Black Friars Bridge, London, to raise the water 
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square pieces of plank, fitted so as to fill (like the piston of a cc 
pump) the bore of the tube, are secured to the chain. When the in 
is to be used, one end of the trunk is placed in the water, and the 
rests on the bank over which it is to be raised. The upper wheel oi 
is put in motion by a crank applied to its axle, and the pallets as they 
the trunk, push the water that enters it before them, till it is disci 
above. In machines of this description one half of the chain is j 
outside of the tube and exposed to view, but in others the trunk is c 
by a plank,- so as to form two separate tubes, one above another, anc 
the chain rises in the lower one and returns down the upper, 
pumps are represented as exceedingly effective, delivering a volu 
water equal to the bore of the trunk. Whenever a breach occurs 
of their canals, or repairs are to be ’ made, hundreds of the neigh 
peasants are summoned to the work, and in a few hours will- empty 
section of it by these machines. 

When a pump is intended to raise a great quantity of water at ( 
is made proportionably larger, and is moved by a very simple tread 
or rather by a series of wooden arms projecting from various part 
lengthened axle, which imparts motion to the chain, as represented 
figure. 



No. 64. Cliinese Chain Pump. 

These arms are shaped like the letter T, and the upper side of 
made smooth for the foot to rest on. The axle turns upon two i 
pieces of wood, kept steady by a pole stretched across them. T 
chine being fixed, men treading upon the projecting arms, and sup 
themselves upon the beam across the uprights, communicate a rot£ 
tion to the chain, the pallets attached to which draw up a consta 
copious stream of water. Another mode of working them, wl|ich 
ton observed only at Chu-san, was by yoking a buffalo, or other an: 
a large horizontal cog wheel, working into a vertical one, fixed 
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same shaft with the wheel that imparts motion to the chain, as represent- 
ed in figures 49 and 54.» The description of this machine by Staunton is 
similar to that previously given by the missionaries, and they enumerate the 
various modes of propelling it which he has mentioned.^ But Nieuhoff, 
with the characteristic sagacity of his countrymen, noticed either these, or 
some other machines for the same purpose, propelled by wind. When 
speaking of the populous city of Caoyeu, and its environs, he observes, 

they boast likewise of store of windmills, whose sails are made of mats. 
The great product of the country consists of rice, which the peasant 
stands obliged to look after very narrowly, lest it perish upon the ground 
by too much moisture, or too much heat and drought. . The windmills, 
therefore, are to draio out the water in a moist season, and to let it in as 
they think fit.” That part of the country, he continues, is “ full of such 
mills.” Several of them are represented in a plate, but without showing 
the pumps moved by them.® 

These were very likely to elicit the notice of a Dutchman ; for draining 
mills, worked by horses and wind, have been used in Holland since the 
14th century. They consisted however principally of the noria and 
chain of pots. 

It is uncertain when the chain pump was first employed in Europe ; 
whether it was made known by Marco Paulo, Ibn Batuta, or subsequent 
ravelers in China, or was previously developed and introduced into use, 
independently of any information from abroad. An imperfect machine is 
described by several old authors. This was a common pump log, or 
wooden cylinder placed perpendicularly in a well ; its upper end reach- 
ing above the level to which the water was to be raised, and having a 
lateral s[)oiit, as in ordinary pumps, for the discharge. A pulley was se- 
cured to one side of the log near the lower orifice, and a drum or wheel 
above tlic upper one. One end of a rope was let down the cylinder, and 
after being passed over the pulley was drawn up on the outside, and both 
ends were then spliced or united over the drum. To this rope, a number 
of leathern bags or stuffed globular cushions were secured at regular dis- 
tances. The diameter of each was equal to the bore of the cylinder. Ribs 
were nailed across the periphery of the drum, and between these, the 
cushions wore so arranged as to fall, in order to prevent the rope from 
slipping. When the drum was put in motion, the cushions entered in suc- 
cession the lower orifice of the pump, (which was two or three feet below 
the surface of the water,) and pushed up the liquid before them, till it es- 
caped through the spout. 

Machines of this description were formerly employed in mines j chains 
of iron being siilistituted for the ropes, and sometimes globes of metal in 
place of the cushions. The latter arc figured by Kirchcr in bis Mundus 
Subterraneus, Torn, ii, 194. Among the earliest of modern authors 
who have described these pumps is Agricola. He has given five differ- 
ent figures of them, but they differ merely in the apparatus for working 
them, according to tlie power employed, whether of men, animals, or water. 
The following cut, No. 6»5 is from his ' Dc Re Metallica.’ It exhibits two 
separate views of the lower end of the pump, showing the mode of attach- 
ing the pulley, and the passage of the rope and cushions over it. From the 
resemblance of the chains or ropes and cushions, to the rosary^ or string 
of beads on which Roman catholics count their prayers, these machines 


Staunton, Vol. iii, 315. DuhaWs China. Paris, 1735. Tom. ii, 66, 67. 

® Ogilvy's Translation. Lon. 1673, pp. S4, 85 — and Iliatoiro G6n6rala. AmsterdAm, 
1749. aw viii, 81,82. 
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becaEiia knbwn as ‘ Paternoster pumps.’ For the same reason tl 
named Chapelet by the French, in common with the chain of pots. 



No. 65. Chain Pump from Agricola. 


The next author who describes these pumps, that has fallen in ou 
is Besson. Plate 50, of his ^ Theatre Des Instrumens,’ is a represe 
of a double one. Two cylinders are placed parallel to each other, 
the chain passes through both. It is shown as worked by tvind. 
tical shaft with sails is secured under the dome of an open tower ; 
^N'hecl on the lower end of the shaft turns a trundle or pinion whicl: 
ed on the horizontal axle of the drum, that carries the chain. Thus 
tlie wind turned the sails, water was raised through one of the cyl 
and when their motion was reversed by change of the wind, the liqi 
elevated in the other. Instead of stuffed cushions, as in the pre 
figure, pistons, resembling somewhat those of fire engines, or : 
pumps, i. e. double cupped leathers are shown, C Coquillcs fond 
fondf) the earliest instance of their use that we liave met with. I 
who appears to claim the addition of the second cylinder as an im 
rnent of his own, was a French mathematician and mechanicia; 
spent a great part of his life in mechanical researches ; in the 
cution of which he visited foreign countries. Plis ‘ Theatre’ c 
such devices as he collected abroad as well as those invented by h 
It was published at Lyons, with commentaries, after his decet 
Beroald, but the privilege to print was accorded to himself, ten yes 
vious to the date of its publication, i. e. in 1568.*^ 

Kircher also figures the chain pump with two cylinders. The 
feet mechanism and enormous friction of these old machines c( 
their application to a limited extent in Europe during the 16th an 
centuries. Desaguliers left them unnoticed ; and at the time 8 
wrote (1729) they had been discontinued in England. “ I might ( 
serves) from BocJdcr and others, have produced almost an infinite n 


^ Bayle, in his dictionary, says Beroald was twenty-two years of ago when he 
ed “some commentaries on the mechanics of James Besson; hot he had scari 
his fortune that way, when he ran after the philsopher’s stone.” 
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of drafts of engines, which are placed under the terms Budromia and 
Hydrotechnema, &c.the first signifyitig the methods of raising water hy 
buckets ; and the other by globes or figures of any regular shape, fixed 
to a rope, which rope being fastened at each end, and passing through an 
elm or other pipe, which reaches from the bottom of a well to the height 
to which the water b to be conveyed, brings up the water with U; but 
these kind of engines out qf date, I shall pass over them. ® Belidor 

has described one that was used in the ship yards and docks at Marseilles, 
which is represented in No. 66. The lower pulley was dispensed with ; 
and the face of the pallets or pistons, which were hemispheres of wood, 
were leathered. It was worked by two galley slaves, who were relieved 
every hour. 



No. 06. Old French Chain Pump. 


Such appears to have been the general construction of the chain pump 
in Europe, until an increasing intercourse with the Chinese led to the in- 
troduction of the machine as made by that people. The credit of this 
is, we believe, due to the Dutch. From the* peculiar location of Holland 
with regard to the sea, hydraulic engines have at all times been of too 
much importance to escape the examination of her intelligent travelers. 
But it perhaps will be said, there is no essential or very obvious distinction 
between the old chain pump of Europe and that of China : admitting this, 
still there must have been something joeculiar either in the construction or 
mode of working the latter, to have produced the superior results ascrib- 
ed to them ; and to have elicited the admiration of the Jesuits and all the 
early travelers in China. No stronger proof of their superiority need be 
adduced, than the fact of their being carried in the 17th century from 
China to Manilla by the Spaniards, and to Batavia hy the Dutch? Hence 
they were previously unknown in those parts of Asia, as much so as in 
Holland and Spain. Navarrette mentions them with great praise : he 
thought there was not a better invention in tbe world to draw water from 
wells and tanks.® And Gamelli (in 1695) describes them as machines, 
which, in his opinion, Chine.se ingenuity alone could invent.^ Montanus 
mentioned them as novel. He describes one as an engine made of four 
square plank, holding great store of water, which with iron chains, they 


^Hydrostaticks, 313. '^Histoire G6ii6rale, Tom. viii, 81. ^ Ibid, Tom. vii, 267 

20 



154 


Chain Pumps %n Ships. [Book I 

hale up like buckets.”^ How such intelligent men as the Jesuits undoubt- 
edly were, could use such language, if an effective chain pump was thei 
known in Europe, it is difficult to conceive. 

Although the Chinese pump has been mentioned by all travelers, nc 
one has entered sufficiently into details, to enable a mechanic to realize tk 
construction of the chain — mode of fixing the pallets — where they are 
attached to it, (at the centre, or on one side,) — nor how they are car- 
ried over the wheels or rollers. One cause of the superiority of these 
oriental machines over those of Europe, was the small degree of fric 
tion from the rubbing of the pallets, when passing through the trunk ; wooc 
sliding readily over wood, when both are wet : another was the accuracy 
with which the working parts were made. The experience of ages, and th^ 
immense number of workmen constantly employed in fabricating them 
through every part of the empire, had brought them to great perfection : bui 
the positio 7 i in which they are worked, also contributed to increase the quan 
tity of water raised by them, for except in particular locations, they areal 
ways inclined to the horizon, as shown in No. 64. Nowit has been ascer 
tained that to construct and use 'a chain pump to the best advantage, the dis 
tance between the pallets should be equal to their breadth, and the inclinatior 
of the trunk about 24°, 21'. When thus arranged, according to Belidor, i 
produces a maximum effect.^ The author just named speaks of one a 
Strasburgh, the chain of which was made of wood, which being ligh 
and flexible, was very efficient, requiring much less labor to work it thai 
those in which the chains were iron. This leads us to a remark whicl 
we do not recollect to have seen in any English work, viz. that in mos 
if not in all the Chinese smaller pumps, the chains are of that material 
One of them is thus described by the Jesuits : Une machine hydraulique 
dont le jeu est aussi simple que la composition. Elle est composde d^n 
chaine de hoisy ou d^une sorte de chapelet de petites planches quarrdes di 
six ou sept pouces, qui sont comme enfilee parallelement a d’egales dis 
tances. Cette chaine passe dans un tube quarre,^’ &c.® 

In the latter part of the 17th century, chain pumps were used ij 
British men-of-war. In Dampier’s Voyage to New Holland in the ‘Roe 
buck,’ a national vessel, he mentions one. This ship on returning homi 
sprung a leak near the Island of Ascension, and the water poured in s 
fast, he relates, that “ the chain pump could not keep her free — ^I set th 
hand pump to work also, and by ten o’clock, sucked her — I wore the shi’ 
and put her head to the southward, to try if that would ease her, and o; 
that tack the c/z-am ju^t kept her free.” English ships of war no\ 
carry four of those pumps, and three common ones, all fixed in the sam 
well ; whereas it would appear from Dampier, that they had formerly bt 
one of each. “ In the afternoon, (he observes,) my men were all employe^ 
pumping with hath pumps.” Shortly afterwards the ship foundered.^^ Th 
vessels of Columbus were furnished with pumps ; and so were those c 
Magalhanes ; but these were probably the common instruments referred t 
above as ‘ hand pumps.’® 

In Dampier’s time chain pumps were very imperfect. The chain, an 
the wheel, which carried it, were inaccurately and badly made ; henc 
when the machine was worked, the former was constantly liable to ali 
over the latter; and the .consequent violent jerks, from the great wergl 
of the water on the pallets, often burst the chain asunder, and under ci. 

^ Atlas Chineusis, translated by Ogilvy. Lon,- 1671, page 675. 

^ Arch. Hydraulique, Tom. i, 363. Histoire G^nerale, Tom. viii, 82, and Duhald 
Tom. ii, 66. ^ Dampier’s Voyages, Vol. iii, 191, 193. 

Hrving’s Columbus Vol ii, 127, and Burney's Voyages, Vol. i, 112. 
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cumstances which rendered it difficult and sometimes impossible to repaii 
it. These defects, which in some cases led to the loss of vessels and of hu 
man life, at length excited the attention of European mechanics, and ir 
the following century, numerous projects were brought forward to im 
prove the chain pump, or to supersede it. In 1760, Mr. Abbot invented; 
ship pump, which was represented as of a very simple construction, an( 
which threw “ five hundred hogsheads of water in a minute ; [!] th< 
handle by which it is worked, is in the manner of a common wincli 
which turns with the utmost facility either to the right or the left.’’^ In th 
following year, the States of Holland granted to M. Liniere, “ an exclusiv 
privilege for twenty-five years, for a pump, which upon trial on board 
Dutch man-of-war, and in the presence of the commissioners of the ac 
miralty, being worked by three men, raised from a depth of twenty-tw' 
feet, four tons of water in a minute, that is, 240 tons of water in an hour.^’ 
In 1768, Mr. Cole introduced some considerable improvements in Englis 
ship pumps. An experiment made in that year is very interesting, as : 
shows the imperfections of the old ones, especially the enormous amour 
o'l friction to which they were subject. “ Lately, a chain pump on a ne^ 
construction was tried on board his Majesty^s ship Seeford, in Bloc 
House Hole, which gave great satisfaction. There were present. Admin 
Sir J ohn Moore, a number of sea officers and a great many spectator 
The event of the trial stands thus : 


The New Bump, Mr, Coleys : 
Four men pumped out one ton of 
water in 43J seconds. 

Two men pumped out one ton in 
r)5 seconds.” 


The Old Bumip : 

Seven men pumped out one ton 
in 76 seconds. 

Four men pumped out one ton 
in 55 seconds. 

Two m^n could not move itT*^ 


The chain in Cole’s pump was made like a watch chain, or those whic 
communicate motion to* the pistons of ordinary fire engines, i. e. evei 
other link was formed of two plates of iron, whose ends lapped ov( 
those of a single one, and secured by a bolt at each end. These bol 
formed a joint on which they moved ; but instead of their ends beir 
riveted, one was formed into a button head, and a slit made through tl 
other, for the admission of a spring key, so that they could be taken o 
at pleasure. By this device, whenever a link or bolt was broken or woi 
out, another one, from a store of them kept on hand for the purpose, cou! 
be supplied in a few moments. In some experiments, the chain was pu 
posely separated, and dropped into the well in a ship’s hold, whence 
was taken up, i-epaired, and the pump again set to work in two minute 
Chains similar to those had been previously employed by Mr. Mylne 
the pumps that raised the water from the caissons at Black Friars Bridg 
The pistons were formed of two plates of brass or iron, having a disk 
thick leather between them, of the same diameter as the bore of the pum 
The edges of the leathers, when wet, do not bear hard against the sides 
the pump ; indeed it is not necessary that they should even touch ; for tl 
water that escapes past one, is received into the next compartment belo\ 
and when a rapid motion is imparted to the pistons, the inertia of the mo 
ing column prevents in a great measure any from descending. The whe 
which carries the chain is generally made like the trundles in mills, v: 
two thin iron disks or rings are secured about eight or nine inches apa; 
upon the axle, and are united by several bolts at their circumference. Tl 
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distance between these bolts is such that the pistons fall in be 
them, and are carried round by them. Sometimes however, the 
have hooks, which take hold of the bolts. A lower wheel is 
dispensed with, and the end of the pump slightly curved towarc 
descending chain, to facilitate the entrance of the pistons. Thes 
chines are generally worked in ships of war by means of a long 
attached to the axle, at which a number of men can work. In som 
sels they are moved by a capstan.*^ The pump cylinders arc of iro 
sometimes of brass, the latter being inclosed within and protect 
wooden ones. 



No, 67. Chftiu Furor In the U. B, Ship InUerontUncJO. 


For the ‘following facts coniuicttsd with tlio nsi^ of thc^ chain pi 
the United States Navy, we are indtihted to Mr. Hart, Naval Coni 
in the New-York Navy Yard. The first United Stattis ship c 
whieh had one, was the ‘ hxiWt at Boston, in 171)9, Mr. 

father made tlui pump. The chain was formed of common ox 
and the wluud wliich carried it wan of wood, havitig forked |iteces 
driven into its ptn-iphery, l)etW(‘en whiclji the chain %vas recoived : t 
imlers w(*re common pump logs ofHlxim’heH bore. This iniperfi 
chine was replaced tiui following*y(‘ar, by one fornani after a 
model, the chain and eylintlers ladng (d'eoppen*. In 1H02, the Frigiti 
had two .similar ones placed in hm* ; and about the stina 
they were adopted in oth<‘r public veMKidn ; but in the course of 
ytairs were discontiniuid gimtuadly, eitluT from the pnyudifii 
eeamen, or from the iiK’rtaiHod labor aud texpeiwe (d* repairing I 
tons. In ordinary pumps, a siugb^ box or piston only, has to be rt 


»Th(^ vcHHcla of iha exploring expeditifm m^nt. out by ilu^ Briunh admimlly, a 
couniuuui of <’aT>i. Owen, had their ehaiu pmujw tiumi to work hy die eiipstiii 
the iiui)ression that it was a more, eeonorniesd mo(fe than the erauk, td’ apply: 
i^oiud labor. ‘ Narrative of Voyages to e\plore the hhore.i cd'Afrien, Arabia an 
gawcar, in Vol i, p. 14. N.Vork Ed. IKIM, 
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ered ; but in the chain pump, from thirty to fifty have to be renewed 
when worn out. The chain pumps in the British sloop of .war Cyant 
were taken out when she was captured, and common pumps put in 
their place. Recently a change of opinion respecting these pumps has 
taken place, for within a few years they have to a limited extent been re- 
introduced into the navy. In 1837, the Independence was furnished with 
two of them ; and in 1838, the same number were placed in l:he Ohio r 
both vessels still retain the ordinary pumps. 

A description of one of those on board the Independence, which is now 
fitting for sea in this harbor, will give a correct idea of them all. See No. 67. 

Two copper, cylinders, seven inches diameter, and about twenty-two 
feet long, extend from the surface of the main gun-deck to the well. The 
one In which the chain descesidsy is continued ten or twelve inches above 
the deck to prevent the water that is raised, from returning through it 
again to the well. A horizontal wrought iron shaft is placed between the 
cylinders and supported by a stout frame on which its journals turn. On 
this shaft, a strong cast iron wheel, two feet in diameter, is secured, having 
twelve arms radiating like the spokes of a carriage wheel from the hub. A 
(No. 67) represents two of these arms with a portion of the shaft. A re- 
cess is formed at the extremities to receive the chain, and prevent it from 
slipping off on either side: Figs. 1 and 2, represent the links. They are 
of copper, seven inches long, one and a half inch wide, and one quarter 
of an inch thick, and are similar to those in Cole's pumps. The pallets or 
pistons are formed on the middle of every alternate link j that is, on those 
which are made of a single piece. A circular -plate about a quarter of an 
inch thick, is cast (see fig. 1,) of a diameter rather less than the bore of 
the cylinders. Another loose plate of the same dimensions (fig. 3,) has 
an opening in its centre to allow it to pass over the link and lay upon the 
other. Between these, a disk of leather is introduced, i. e. a circular 
piece just like fig. 3, but of a dkmetor equal to the bore of the cylinder. 
This is first placed on the fixed plate in fig. 1,. then fig. 3 is laid over it, 
and to secure the whole, a key or wedge is driven through a slit in the 
link, just above the surface oi fig. 3, and thus compresses the leather be- 
tween them. When the pumps are used, long cranks are applied to each 
end of the shaft, so that fifteen or twenty men can be engaged at the same 
time in working them. In the IndependencCy these cranks extend across the 
deck, and thereby interrupt the passage way. They should in all public 
vessels be arranged, if possible, ‘ fore and aft.' The arrows show the di- 
rection of the chain. 

The introduction of the chain pump into ships is probably due to the 
Chinese, as they use it in their sea junks; and it is not likely that this ap- 
plication of it is of recent date among them.*^ The early missionaries 
thought that buckets only were employed in raising bilge water from 
the holds. It is not much used wo believe in the French navy. In the 
Diction naire de Trevoux, it is named the ILnglish pump. 

The Chinese chain pump was introduced into the United States by 
Andrd Everard Van Braam, who was several years chief of the Dutch 
East India Company in China, and who settled in South Carolina at the 
close of the revolutionary war. In 1794, he was appointed second in the 
Dutch embassy to Pekin, apd in 1796, he returned and settled near Phila- 
delphia. In his account of the embassy, a translation of which was pub- 
lished at London in 1798, and dedicated by him to Greneral Washington, 
and to which we have heretofore referred — ^he remarks, speaking of the 

^ ^The Chinese,’ by J. F. Davis, vol. ii, 290 
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Cliinese pumps, “ I have introduced the use of them into the United 
States of America, where - they are of great utility in rivers, in conse- 
quence of the little labor they require/^ (Vol. i, 74.) are not aware 

that they are much used in this country at the present time. The chain 
pumpds employed in the diamond districts of Brazil. M. Mawe, in his 
Travels, has figured and described it as used there. It has also been re- 
cently introduced into Egypt, where it is more likely to become domi- 
ciliated, than the atmospheric and forcing pump, which Belzoni endeavored 
in vain to establish ; although St. John seems to think even it is rathei 
too complex for the present state of the mechanic arts in the land of the 
Pharaohs. Windrnills .for raising water, and chain pumps, have beer 
introduced into Egypt; but as these are machines which, require some re- 
gard to the principles of good workmanship, they are by no means fitted 
for general use.” Egypt and Mohammed Ali, vol. i, 14. 

The chain pump, as well as the screw, noria, chain of pots, &c. has 
been adopted as a first mover. Placed perpendicularly on the side of 2 
precipice, or wherever a small stream of water can be conveyed into its 
upper orifice, and can escape from its lower one, the motion of the chair 
is reversed by the weight of the liquid column acting on the pistons. A 
wheel similar to the upper one is fixed below, over which the chain alsc 
passes ; and from the axle of either wheel the power may be taken. A 
patent for this application of the chain pump was granted in England, 
in 1784. 

There is another device of the Chinese, which is worthy of imitation : 
and considering the increased security it offers to floating property, anc 
the additional safety of the lives of navigators, it is surprising that it haj 
not been adopted by Americans and Europeans — viz. the division of the 
holds of ships by water-tight partitions. The Chinese divide the holds 
of their sea vessels into about a dozen distinct compartmen-ts with strong 
plank ; and the seams are caulked with a cement composed of lime, oil 
and the scrapings of bamboo. This composition renders them imper 
vious to water, and is greatly preferable to pitch, tar and tallow, since itii 
said to be incombustible. This division of their vessels seems to have 
been well experienced ; for the practice is universal throughout the em- 
pire. Hence it sometimes happens that one merchant has his goods safel ;5 
conveyed in one division, while those of another, suffer considerable da 
mage from a leak in the compartment in which they are placed. A shij 
may strike against a rock and j^et not sink, for the water entering by th< 
fracture will be confined to the division where the injury occurs. To th< 
adoption of a similar plan in European or American merchantmen, besid< 
the opposition of popular prejudice and the increased expense, an objec 
tion might arise from the reduction it would occasion in the quantity, of 
freight, and the increased difficulty of stowing bulky articles. It remain 
to be considered how far these objections ought to prevail against th< 
greater security of the vessel, crew and cargo. At any rate, such objec 
tions do not apply to ships of war, in which to carry very heavy burdens 
3s not an object of consideration. Staunton’s Embassy, vol. ii, 136, 
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CHAPTER XVIII. 

On tho hydraulic works of the ancient inhabitants of America : Population of Anahuac— FcArocity of the 
Spanish invaders — Subject of ancient hydraulic works interesting — ^Aqueducts of the Toltocs — Ancient 
Mexican wells — Houses supplied with water by pipes— -Palace of Motezuma— Perfection of Mexican 
works in mctals-^Cortez — Market in ancient Mexico— Jlydraulic works — ^Fountains and jets d’oau — No- 
na and other machines — Palenquo: its aqueducts, hieroglyphics, Sic , — Wells in ancient and modern 
Yucatan — Relics of former ages, and traditions of the Indians. Hydraulic- works of’>tho Peruvians: 
Customs relating to water — Humanity of tho early Incas— Aqueducts and reservoirs— Resemblance of 
Peruvian and ligyptian customs— Garcilasso— Civilization in Peru before tho times of the Incas-^Giants 
—Wells— Stupendous aqueducts, and other monuments— Atnbalipa— Pulleys — Cisterns of gold and sil- 
ver in tho houses of the lucas — ^Temples and gardens supplied by pipes — Temple at Cusco: its water 
works and utensils — Embroidered cloth — Manco Capac. 

It lias been a subject of regret, that we liave been unable to obtain any 
specific information, respecting the employment of maebines to raise 
water on the American continents, previous to tbe visit of Europeans in 
the 15th and IGth ceriturles. And yet there can, we think, be scarcely a 
doubt, that in those countries where civilization and the arts had made 
considerable progress, as Peru, Clilli, Gluatimala, and Mt.'xico, such ma- 
chines had long been in use. Unfortunately, accounts of those countries 
by early European writers, contain little else than details of the success- 
ful villany of tho.sci savage adventurers, who, under the cloak of religion, 
and by the most revolting perfidy, robbed the natives of their indepen- 
dence, their property, and myriads of them of their lives. 

It is impossilile to reflect on the great population of ancient Anahuac — 
tho progress whicli tho natives had made in the arts — the separation of 
trades and professions — their extensive manufactures — the splendor of 
their buildings — their laws — the rich produce of their highly cultivated 
fields — tho freedom and prosperity of the republics of Tlascala, and the 
comparative general happiness of thp inhabitants ; with the utter desola- 
tion brought on them and their country by the Spaniards — without feeling 
emotions of unmitigated indignation. No one can read even SqUb, the 
advocate of Cortez and the palliator of his conduct, without being thrilled 
with horror at the uniform treachery, cruelty, and blasphemy of that man 
His watcliword of * tho Holy Ghost, ^ while slaughtering the natives on one 
occasion like sheep, convoys but an imperfect idea of his ferocity and in- 
dilferenco to their sufferings, and of the disgusting affectation of promoting 
Christianity, under which he pretended to act. * Religion,^ says Solis, ‘was 
always his principal care/ The Spaniards affected to shudder at the san- 
guinary gods of tho Mexicans, which required human sacrifices — while 
they immolated in cold blood, hecatombs of the natives to the demons, 
they themselves worshipped — viz. avarice and dominion — ^until the land 
was filled with slaughter, and whitened with the bones of their victims. 
It is said, that ‘Un seventeen years, they destroyed above six millions 
of thern.’^ No romance ever equalled in horror the tragedies per- 
formed by Almagro, Valdivia, Cortez and Pizarro — and yet these men 
have been held up as examples of heroism, and our youth have been 
taught to admire, and, of course to emulate * the glory of Cortez.^ 

It is more than probable that the people, who, in remote times, in- 
habited the southern continent and Mexico, remains of some of whose 
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works, rival in magnitude those of Egypt and India, and many o 
them, (the roads and aqueducts particularly,) equalled in utility th 
noblest works of Greece and Rome — were not without hydraulic er 
gines ; and had descriptions of them been preserved, they would hav 
furnished more interesting, and perhaps more certain data, respecting th 
peopling of America, and of the origin of the Toltec and Astec racei 
than any others derived from the useful arts. From the analogy there i 
between some of the arts, manners, and customs of the ancient people o 
Mexico and South America, and those of Asia, we might suppose that th 
swape, bucket and windlass, noria, and chain of pots, and perhaps th 
chain pump were known to them ; but of this we have met with no direc 
proof Were the fact established, that they were in possession of thes 
machines, it would greatly tend to prove their Asiatic origin in pos^ 
diluvian times ; while on the other hand, if lacking these, they had othei 
peculiar to themselves, such a fact would be one of the most interestin 
circumstances connected with the early history of these continents ; an 
might be adduced to sustain the hypothesis of those who consider thi 
hemisphere as having been uninterruptedly occupied by man, from ^ time 
anterior to Noah’s flood ; and consequently many of the machines, arti 
and productions of the inhabitants peculiar to themselves. 

The Toltecs, we are informed, introduced the cultivation of maize an 
cotton ; they built cities, made roads, and constructed those great pyramid 
which are yet admired ; and of which the faces are very accurately lai 
out ; they could found metals, and cut the hardest stone — they knew th 
use of hieroglyphical painting, and they had a solar year, more perfec 
than that of the Greeks and Romans. “Few nations (says Humboldi 
moved such great masses as were moved by the Mexicans,” proofs o 
which are still found among the ruins of their temples. The calende 
stone, and the sacrifice stone, in the gregit square at Mexico, containin 
282 and 353 cubic feet ; a carved stone dug up, which was upwards c 
22 feet in length, 19 feet in breadth, and about 10 deep — are examples; an 
the colossal statue of the Goddess Tcoyaomiqu% is another And what ; 
more to our purpose, remains of aqueducts, of surprising magnitude an 
workmanship, are found throughout Chili, Mexico, and Peru. 

Nor had these arts been lost at the period of the Spanish invasion. A 
that time, agriculture, artificial irrigation, and many other of the mechani 
arts’, especially those which relate to the metals, appear to have been i 
a more advanced state, than they have ever been in Spain, during an 
subsequent period. When Grijalva and his companions landed in Yuc! 
tan, (in 1518) they were astonished at the cultivation of the fields, and th 
beauty of the edifices — as well as at the ornaments,. &c. in gold, which th 
natives possessed, the value of the workmanship often ^exceeding that c 
the metol.^ Tlascala, (says Solis,) was at that period, “ a very populot 
city the houses were built of stone and brick, their roofs were flat an 
surrounded with galleries. The Tlascalans, says Herrera, had baths, bov 
ers, and fountains, and whenever a new house was finished, they had feas 
and dancing, &c. like the house warming of old in Europe. Every hous 
in Zempoala had a garden vnth water. Ancient wells are still in use i 
Mexico, some of which are two and three hundred feet' in depth. Wat( 
is drawn from them to irrigate the soil. 

The city of Cholula was located in a delightful plain ; it contalne 
20,000 inhabitants, and the number in' its suburbs was greater. T1 


^ Clavigero says, columns of stone of one piece, 80 feet long, and 20 feet in circui 
ference, were extant in his time, in the edifices of Mictlan. Mexico, Vol, i, 420. 
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Spaniards compared it to Valladolid for its beauty and magnificence. 
It was a great emporium of merchandise. Strangers from distant parts of 
the continent flocked to it. Solis says, the streets were wide and well laid 
out; the buildings larger and of better architecture than those of Tlascala, 
and the inhabitants were principally merchants and mechanics. Cortez 
himself, after entering this city, thus speaks of it in a letter to Charles V. 

** The inhabitants are better clothed than any we have hitherto seen. Peo- 
ple in easy circumstances wear cloaks above their dress ; these cloaks 
differ from those of Africa, for they have pockets, though the cut, cloth 
and fringes are the same. The environs of the city are very fertile and 
w'ell cultivated. Almost all the fields may he loatered ; and the city is 
much more hcautiful than all those in Syain ; for it is well fortified, and 
built on level ground. I can assure your highness, that from the top of a 
mosque (temple) I reckoned more than four hundred towers, all of mosques, 
'fhe number of inhabitants is so great that there is not an inch of ground 
uncultivated.’’ When the Spaniards reached Tezcuco, they found it as 
largo again as Seville. It rivalled in grandeur and extent Mexico itself, 
and was of a much more ancient date than that capital. Herrera says, 
the streets were very regular, and that fresh water was brought in pipes 
from the mountains to every house. The principal front of the buildings 
extended on the borders of a spacious lake, where the causeway that led 
to Mexico began. It was from this causeway, which was built of stone 
and lime, that the Spaniards first beheld the distant capital, with its towers 
and pinnacles in the midst of the lake; and on the 8th November, 1519, 
Cortez and his myrmidons entered that city, which then contained a great- 
er population than New-York does at present ; for it had between three 
and four hundred thoxisand inhabitants. 

Wlicn the Spaniards entered the gates, through a bulwark of stone 
supported by castles, they beheld a spacious street with houses uniformly 
built, and the windows and battlements filled with spectators. They 
were received into one of Motezuma’s houses, which had been built by 
his father. This building, Solis remarks, vied in extent, with the principal 
pjilaces of emperors in Europe ; and had the appearance of a fortress, 
with thick stone walls and towers upon the flanks. The streets of the city 
were straight, as if drawn by a line ; and the public buildings, and houses 
of the nobility, which made up the greatest part of the city, were of stone 
and well built. The palace of Motezuma was so large a pile that it 
opened with thirty gates into as many different streets. The principal 
front took up one entire side of a spacious parade, and was of black, red 
and white jasper, well polished. Over the gates were the arms or sym- 
bolical figures of Motezuma or his predecessors, viz. a griffin, being half 
an eagle and half a lion ; the wings extended and holding a tiger in its 
talons. The roofs of the buildings were of cypress, ^ cedar, and other 
odoriferous woods, and were ornamented with carvings of different 
foliages and relievos.” But without referring to the splendor of this un- 
fortunate monarch’s court, his luxurious mode of living, his treasures, the 
chair of brnmished gold in which he was carried to meet Cortez, the jew- 
els of gold, pearls, and precious stones, that adorned his person and those 
of his attendants, and the ‘‘ shoes of hammered gold,” that were bound to 
his feet and legs with straps, like the Roman military sandals ; it will be 
sufficient to notice the market of the city for the sale of merchandise, in 
order to realize a tolerably correct idea of the state of the arts among the 
Mexicans. Nothing excited the surprise of the Spaniards so much as 
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Tlae Mexican works of gold and silver, sent by Cortez to Cb 
says Clavigero, ‘‘filled the goldsmiths of Europe with astonisl 
“ Some of them were inimitable.” Among others, there fishet 
scales alternately of gold and silver — a parrot with moveahle headj 
and wings — an ape with moveable head and feet, and having a 
in its hand, in the attitude of spinning. Vol. i, 413. 

Cortez, in a letter to Charles V. dated October 1520, says, “ the 
place is twice as large as that of Seville and surrounded with an if 
portico, under which are exposed for sale all sorts of merchandis 
bles, ornaments made of gold, silver, lead, pewter, precious stones, 
shells, and feathers ; delft ware, leather, and spun cotton. We fin 
stone, tiles, and timber fit for building. There are lanes for game 
for roots and garden fruits. There are houses where barbers shi 
head, (with razors made of pbsidian,) and there are houses resembl 
apothecary shops, where prepared medicines, unguents, and plas 
sold. , The market abounds with so many things, that I am unable • 
them all to your- highness. To avoid confusion, every species 
chandise is sold in a separate lane. Every thing is sold by the y^ 
measure) but nothing has hitherto been seen to be weighed in the 
In the midst of the great square, is a house, which I shall call Va 
in which ten or twelve persons sit constantly for determining any c 
which may arise respecting the sale of goods. There are other 
who mix continually with the crowd, to see that a just price is 
We have seen them break the false measures, which they had seiz* 
the merchants.” 

Solis has recorded some facts, which are too interesting to rnecli 
be omitted. “ There were rows of silversmiths, who sold jew 
chains of extraordinary fashion several figures of beasts in g( 
silver, wrought with so much art, as raised the wonder of our an 
particularly some skillets with moving handles, t?iat were so cast; 
other works of the same kind, with mouldings and relievos, with( 
signs of a hammer or graver.” Herrera, speaking of these, o] 
“ some things were cast, and others wrought with stones, to such 
tion, that many of them have surprised the ablest goldsmiths in Sj 
they could never conceive how they had been made ; there being 
of a hammer, or an engraver, or any other instrument used by 
They brought to the fair, (continues Solis) all the different sorts o 
made throughout this vast empire, of. cotton and rabbits’ fur, wh 
women of this country, enemies to idleness, spun extremely fine, bei: 
dexterous in this manufacture. They had also drinking cups exq 
made of the finest earth, different in color, and even in smell ; and 
kind, they had all sorts of vessels, necessary either for the service 
nament of a house. 


^ These, which were worn round the neck, were doubtless similar to those h 
*Panama chains ; which certainly are extraordinary specimens of workmanahi| 
may sometimes be met with at our jewellers, who buy them for the purity of 
It IS said that the mode of making them has never been discovered, and 
secret is still preserved among the Indians of Panama. We have examined or 
came from Carthagena, tlie length of which, had it been cut, was eight feet tw( 
its section, which was hexagonal, did not exceed one twentieth of an inch in c 
It was formed of one or more fine wires, which seemed to have been woven or i] 
like the platting of a whip handle. When a single thread was examined by 
scope, it was found to be composed of several smaller wires, which separate, wei 
ly perceptible to our unaided vision. The weight of the chain was elevei 
weights, and it appeared to be as flexible as a piece of twine, certainly fur 
than any chain formed of linlca. No end of a wire could be detected, and not i 
mf solder was used. 
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No one can doubt, that a people, tbus far advanced in civilization 
and the useful arts, were in possession of machines of some kind or 
other for raising water. Indeed the location and great population of 
some of their cities required a familiar knowledge of hydraulic opera- 
tions to supply them with water; and hence it would seem as if they had 
cultivated this department of the arts equally with others, for some of 
their aqueducts would have done honor to Greece and Home. Nearly all 
the ancient cities of Mexico were supplied by them. We have already 
remarked that Tlascala was furnished with abundance of baths and foun- 
tains — that every house in Zempoala had water — that Tezcuco had 
an aqueduct, from which every dwelling was supplied hy a pipe, as 
in modern cities; and we may add, Iztaclapa, which contained about ten 
thousand houses, had its aqueduct that conveyed water from the neighbor- 
ing mountains, and led it through a great number of well cultivated gar- 
dens. In the city of Mexico, there were several aqueducts. That of Cha- 
pultepec was the work of Motezuma, and also the vast stone reservoir 
connected with it. When the Spaniards besieged the city they destroyed 
this aqueduct. Cortez in his first letter to Charles V. mentions the spring 
of Amilco, near Churubusco, of which the waters were conveyed to the 
city “ in two large pipes, well moulded and as hard as stone, but the wa- 
ter never ran in more than one of them at the same time.’’ We still per- 
ceive, says Humboldt, the remains of this great aqueduct, which was con- 
structed with double pipes, one of which received the water, while they 
were employed in cleansing the other ; but this aqueduct, he says, was in- 
ferior to the one at Tezcuco : of it, he observes, we still admire the 
traces of a great mound, which was constructed to heighten the level of 
the water.” The gardens of Motezuma were also adorned and nourish- 
ed with streams and fountaim, and appear to have rivalled those of Asiatic 
monarchs in splendor. And among the hieroglyphical ornaments of the 
pyramid of Xochicalco, are heads of crocodiles spouting water, a proof 
that ancient Americans were acquainted with that property of liquids 
by which they find their level ; and applied it not merely to fountains 
zxidjets dJeau, but to convey water through to their dwellings. 

We cannot reflect on the progress which the ancient inhabitants of 
Mexico had made in the arts, and the magnitude and excellence of some 
of their hydraulic works, without regretting that no particular accounts of 
their devices for raising water have been preserved. Of one thing how- 
ever, we may be sure, that no people ever constructed such works as they 
did, for the irrigation of land, and the supply of cities, who had not pre- 
viously experienced the inefficiency of machines for those purposes ; nor 
could their agriculture have been carried to the extent it was, without the 
aid of them in times of drought. 

‘ The machines called norias (says Humboldt) are essential to Mexican 
agriculture.’^ Does it not follow then that these, or others for the same 
purpose, were equally essential, before the conquest, when the population 
of the country was so much greater, and agriculture more extensively 
practised ? There is no doubt, he observes, that all the country from the 
river Papaloapan “ was better inhabited and better cultivated than it now 
is.” The swape (guimbelette) is quite common in Mexico. Tt is there 
used as in this country for raising water from wells of moderate depth. A 
friend just returned from a tour in Texas, informs us, that among the 
Cooshatde tribe of Indians on the Trinity river, and in all the settlements, 
whether Indian, Creole, or modern Mexican ; in populous villages or at 


^New Spain, translated by Black, Vol. ii, 458. 
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solitary wigwams, tlie ‘ well pole^ or swape is almost always to 1 
In wells of considerable depth, the pulley and double chain wi 
buckets are adopted ; and the chain of pots and noria are extensive 
in raising water for irrigation, being moved, as in Spain, by oxen oi 
As these are the only devices for raising water that are now in i 
cept the comnion pump to a very limited extent, and the ordinar 
of drawing it from mines, by buckets worked by animals, the ques 
curs, were they or any of them in use previous to the conquest 
pump excepted, we should suppose they were ; but as before rei 
we have no direct evidence to establish the fact. As the Mexicai 
collected in villages and accustomed to cultivate the soil, at least 40 
before the conquest, and subsequent to that event, the great mass 
farmers have been and are Indians, who adhere with ‘‘ extraordin 
stinacy’’ to the customs of their ancestors, it seems natural to suppi 
they (like the agricultural classes of all other countries) would reta 
of the old modes of raising water ; but as those above named are sa 
the only ones practised, it is probable that some of them at lea 
known to the inhabitants of old. 

Palenque is about thirty miles from Tobasco. It is surroun 
dense forests, and overgrown with the vegetation of past ages, 
founders and inhabitants nothing is known, nor yet of the perioc 
they flourished. The remains of this city have been traced over 
tent of twenty-four miles, and consist of massive edifices, of a no^ 
very chaste style of architecture. These are accurately laid ou1 
four cai:dinal points of the compass^ and are built of hewn stone, 
are temples, palaces, and tombs ornamented with the richest sci 
and has reliefs, extensive excavations, subterranean passages, 1 
dikes, AQUEDUCTS, &:c. all indicative of a powerful and highly c 
people. Dupaix and his companions, who were sent out in ' 
Charles IV, of Spain, to examine and report on these building 
three weeks intense labor in cutting down trees which grew ove; 
were enabled to examine fifteen edifices, which elicited their won 
admiration. Mr. Waldeck, a late traveler, who has spent severs 
in examining and collecting evidences of early American civilizat 
down a tree, (that was growing over an ancient building at Palenc 
concentric circles in a section of which, indicated a growth of 973 
But how many centuries had elapsed from the ruin and desertion 
city, and for the accumulation of soil over it, ere this tree took r 
only he conjectured. The sculptures on the walls are surprisin| 
feet, and among them are hieroglyphics which are supposed to ha 
netic power. Men and women are represented clothed in figui 
ments, indicating the manufacture of flowered stuffs ; and variou 
which have been disinterred, as toys, vessels, Ornaments of dre 
prove considerable progress in other branches of the useful arts, 
tensive as these ruins are, and pregnant with information of thri 
terest, Palenque is like Mitla, the partner of its glory and of its d 
tion, a ‘ city of the dead.' Not a voice is heard in it, or around it, 
hissing of serpents, the buzzing of insects, the gibbering of monkc 
the screeching of wild birds. 

There is one circumstance respecting the ancient cities and pe 
Yucatan which relates to our subject, that is deserving of attentior 
this — from the geographical position and physical features of the c 
WELLS have always been of primary importance. During the 
part of the year the inhabitants have no other resource for fresh 
and this must necessarily have been the case, ever since the pre 
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ganization of these continents took place. In those remote ages, then, 
during which the country was occupied by a numerous and civilized peo- 
ple, wells must have been very common ; and as they are not, like struc- 
tures erected on the surface, subject to decay, or obnoxious to destruction, 
the discovery and examination of some of them is greatly to be desired. 
Who can tell what stores of treasure are buried in them ; what specimens of 
art ; what means for tracing the history, and also the revolutions, through 
which the ancient people of America have passed ; their origin, progress, 
and disappearance 'I If Palenque and its sister cities were destroyed by 
war, then it is almost certain that the inhabitants would have recourse to 
wells for the secretion of their treasures, both public and private ; a prac- 
tice that has been followed in all ages and by all people. 

Relics of former ages, which have been found (more or less numerous) 
over both continents, incontestibly prove that civilized people flourished 
here in former ages j and that they and their progeny have disappeared, 
as if by some general and sudden calamity they had been sw'ept off the 
stage of life, to a man. It would seem too, as if a long period of deathlike 
stillness had succeeded, (like that after the deluge) so that all knowledge 
of them had perished, when another race appeared and took possession 
of the soil. These were the ancestors of the present Indians, who, in 
their turn are rapidly becoming extinct, without our being able to tell who 
they were, whence they came, or tvJien they first made their appearance. 
We see no reason to doubt their tradition respecting the great Megalonyx 
and Mastodon of the western prairies, having been contemporary with their 
forefathers, since the discovery of the bones of these animals corroborate in 
some degree the trutli of it. Nor is it at all improbable that their ac- 
counts of the voracious and enormous Piasd^ ^ the bird that devours men,^ 
is fabulous ; a figure of which is cut on the face of a smooth and perpen- 
dicular rock, at an elevation which no human art can now reach ; near the 
mouth of a small stream, named the Piastl, which enters the Mississippi 
between Alton and the mouth of tlie Illinois. See Family Mag. 1837, 
VoL iv, 101. 


ON THE HYDRAULIC AND OTHER WORKS OP THE ANCIENT PERUVIANS. 

Molina, in his * Natural and civil History of Chili,'' observes that previous 
to the invasion of the Spaniards, the natives practised artificial irrigation, by 
conveying water from the higher grounds in canals to their fields. Herrera 
says, many of the vales were exceedingly populous and well cultivated, 
* having trenches of water.' The Peruvians carried the system to a great 
extent. How must we admire (says Humboldt) the industry and activity 
displayed by the ancicmt Mexicans and Peruvians in the irrigation of arid 
lands ! In the maritime parts of Peru, I have seen the remains of walls, 
along which wauu* was conducted for a space of from 5 to 6000 metres, 
from the foot of the? Clodilleras to the coast. The conquerors of the 16th 
century destroyed tliese acpieducts, and that part of Peru has become, 
like Persia, a desart, destitute of vegetation. Such is the civilization car- 
ried by tlie Fiiropeans among a people, whom they are pleased to call 
barbarous.”^ Those people had laws for the protection of water, very 
similar to those of Greece, Rome, Egypt, and all the older nations ,* for 
those who convoyed water from the canals to their own land before their 
turn, were liable to arbitrary punishment. Several of the ancient Amer- 
ican customs respecting water, were identical with those of the oldest 
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nations. They buried vessels of water with the dead.^ The Mexi 
worshipped it> The Peruvians sacrificed to rivers and fountains.^ 
Mexicans had Tlaloc their god of water. Holy water was kept in 1 
temples.® They practised divination by water The Peruvians d 
their drinking water from deep wells, & and for irrigation in timei 
drought, they drew it from pools, and lakes, and rivers. 

The annals of the world do not furnish brighter examples of nati 
benevolence, than the early history of Peru. The wars of the i 
were neither designed -nor carried on, to gratify ambition or the lust of 
quest, but to extend to the brutalized people by whom they were 
rounded, the advantages of civilized life ; to introduce agriculture an 
its attending blessings, among hordes of savages, that were sunk in 
lowest depths of bestiality. But that which sheds a peculiar glory 
the ancient Peruvians, was their systematic and persevering effort 
achieve their conquests without the effusion of blood. In reading 
history, the mind is not only relieved from those horrible details of 
nage that constitutes so prominent a part in the historic pages of othe; 
tions, but the most agreeable emotions are excited by the benevolent 
generally successful endeavors of this people, to overcome their foe 
reason — ^by exhibiting to them the advantages of regulated society, an 
invitations to embrace them. This policy was in accordance with th 
junctions nf their first king, whose precepts they greatly reverenced, 
taught them to overcome their enemies “ by love — ^by ilia force of \ 
fitsf and hence we find that when they were successful, they ne 
robbed the inhabitants of their land, their liberty, nor their lives but 
their influence and superior knowledge to ameliorate their condition, 
when these efforts failed, and active warfare was the only resource, 1 
conscious of the wickedness of conquering men by their destruc 
and that those could never be good subjects who * obeyed from j 
uniformly besieged them, till the latter became convinced of their owr 
bility to resist, and of the policy of acceding to the terras of their • 
erful invaders. 

In this manner the ‘ children of the sun’ extended their conquests 
a large part of the southern continent ; and in no part of the world 
provinces more loyal, or a people more attached to their institutions 
to their princes ; nor was there ever a people more humane. The 
duct of some of the incas, when at the head of their armies, in ei 
ing the taunts and scoffs of their ignorant and imbecile foes with j 
sophic forbearance, is truly admirable, and might be contrasted with tl 
Christian warriors ; but then their object was not to acquire fame b; 
destruction of their species, but to benefit them, even at the risk of 
reputation. If ever offensive wars were justifiable, those of the 
incas certainly were, since their object was the extension of human 
piness, and which they carried on in a corresponding spirit of humi 
In neither sacred nor profane history can such examples be found. 

Agriculture was the first object to which their attention was direi 
hence we find engineers and other artists immediately sent into the sul 
countries, or rather, among their new friends, to introduce the ar 
ploughing and cultivating the soil, &c. And as large tracts of land 
destitute of vegetation for want of water, mention is constantly mac 
AQUEDUCTS and RESERVOIRS among the earliest of works undertaken 
some districts, rain was, and still is, unknown. For the space of j 
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hundred leagues along the coast (says Garcilasso) it did never rain/* 
Contrivances to obtain and distribute water, were therefore, with the in- 
cas as with the early kings of Egypt, the most important and constant ob- 
jects of their care. Nor does it appear that the Egyptians were more 
assiduous in this kind of labor than the people of Peru. Examples are 
mentioned of the latter having conveyed small streams through a space 
of sixty miles, to irrigate a few acres of land. 

There are sevei'al points of resemblance between these two people ; 
some of which are to be attributed to both countries being, in a great 
measure, destitute of rain. The first inca, like Osiris, taught the inhabi- 
tants to cultivate the land; to construct reservoirs and aqueducts; to make 
ploughs, harrows, and shoes for their own feet — such shoes, says Garci- 
lasso, ' as they now wear/ The wife of Manco Capac, like Isis, taught 
the women to spin, to weave, and to uptake their own garments. Some 
of their fables, too, resemble those of the Egyptians respecting Isis. Ac- 
cording to one, “ the maker of all things placed in heaven a virgin, the 
daughter of a king, holding a hucket of water in her hand^ for the refresh- 
ment of the earth.^' Both people erected stupendous structures and sta- 
tues of cut and polished stone, which they wrought without iron ; both 
shaved the head, and both embalmed the dead. 

As we have no where met with any distinct notice of, or even allusion 
to, any Peruvian machine ioxrcvuing water, we insert some notices of their 
wells and aqueducts, &c. from Garcilasso’s “ Eoyal Commentaries of 
Peru.” The reader can then judge, wliether a people who devised and 
constructed hydraulic works of immense magnitude for the distribution 
of water, were without some machines for raising it ; and especially, 
when, at certain season-s, they obtained it from deep wells. The inca 
Garcilasso de la Vega, was a native of Cusco. His mother was a Peru- 
vian princess ; Init his father, whose mime he bore, was one of the Spanish 
coiupuu'ors. Ho was Imrn (he informs us) eight years after the Spaniards 
became masters of the country, i. c. in the year 1539, and was educated 
by his mother and her relatives, in die Indian manner, till he was twenty 
years old. In 15G0 ho was sent to Spain, where he wrote his Commen- 
taries. These were translated into English by Sir Paul Ricaut, and pub- 
lished in one volume, folio, London, 1688. 

There is reason to believe that Peru, Chili, and other parts of the 
southern continent, were inhabited by a refined, or partially refined peo- 
ple, centuries liefore the time of Manco Capac, the first inca; and that a 
long period of barbarism had intervened, induced, perhaps, by revolutions 
similar to those which, in the old world, swept all the once celebrated 
nations of antiquity into oblivion. The ancient Peruvians had a tradition 
respecting the arrival of giants, who located themselves on the coast, and 
v/ho dng WKi.T.s of immense depth through ths solid rock ; which wells, 
as well as cisteuns, still remain. When Mayta Capac, the fourth inca, 
reduced the province of Tiahuanacu, he found colossal pyramids and other 
structures, with gigantic statues, of whose authors or uses, says Garcilasso, 

no man can conjecture.” The ruins of these are still extant, in one of 
the districts of Ihienos Ayres. In the same province, the writer just 
named mentions a monolithic temple, which, from the description, equals 
any of those of Egypt. These ancient buildings were supposed by the 
Peruvians to liave famished models for the Temple, Palace, and Fortress 
at Cusco, which the first incas erected. Acosta, in examining some of 
these buildings in Tiahuanacu, was at a loss to comprehend how they 
could have been erected; so large, well cut, and closely jointed were the 
stones. “ I measured one myself, (he observes) which was thirty feet in 
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length, eighteen in breadth, and six feet in thickness and in the For- 
tress of Cusco were stones, he says, much larger. But what adds to our 
surprise, many of these stones were taken from quarries at from five to 
fifteen leagues distance from the buildings. 

There is much uncertainty respecting Manco Capac. Who ho was, 
and from what country he came, are equally unknown. According to 
their Quippus or historical cords, and the opinion of the inca who was uncle 
to Garcilasso, and who communicated to the latter all^ the knowledge of 
their ancestors then extant, he made his appearance in Peru about 400 
years before the invasion of the Spaniards. It is said he was whiter than 
the natives, and was clothed in flowing garments. A,wed by his presence, 
they received him as a divinity, became subject to his laws, and practised 
the arts he introduced. He founded Cusco, and extended his influence 
to all the nations around. He taught thorn agriculture and many useful 
arts, especially that of irrigating land. His son succeeded him, and with- 
out violence greatly extended die limits of the kingdom ; prevailing w ith 
the natives, it is said, by a peaceable and gentle mannt'r, “ to plough, and 
manure, and cultivate the soil.*’ His successors pui*Hued the same mode, 
and witli the same success. The fifth inca, we art; informed, constructed 
aqueducts, bridges and roads in all the countries In; subdued. When the 
sixth inca aetpired a new province, lie ordered tin; lands to be dressed 
and manured the fens to bo drained, “ for in that art [drainingj they 
were excellent, as is apparent by their works, which remain to this day : 
nnd also they were [then] very ingenious in milking aqueducts for carrying 
water into dry and scorched lands, such as the grt;att;8t part of that coun- 
i.ry is : they always made contrivances and inventions to bring their water, 
'fhese aqueducts, though they were ruined after the Spaniards carne in, 
yet several rerupies and monuments of them remain unto this day.** 

The seventh inca, Vlracocha, construct(;d Horrn; water works, which, in 
tlujir l)(;nefi<;lal effects, perhaps equalled any similax undertakings in any 
other part of the world. “ He made an aqueduct 12 fenit in de;|>th, and 
120 le;agues in length : the source; or head of It arose; from certain springs 
on the top of a high mountain b(;tw(‘e;n .Purem and Picuy, which was so 
plentiful that at the very heael of the fountains tliey se'emed to he; rivers. 
Tills current of water hael its cemrse; througli all tin; country of the Ilu- 
canas, and served to water the pasturage of those; uninhabiteni lands, which 
{ire al)out 18 leiigues in breadth, watering almost the whole country if 
FeruJ* 

There is another aqueduot much like; this, which traverses the whole 
province of Cuntisuyu, running above; 150 Ieagiu;s from soutli to north. 
Its liejid or original is from the; top of high inountiiiufi, the; which waters 
filling into the; jihinis of the QuerJiuas^ greatly r(*rrf;Hh ihc*ir pasturage, 
when the; h(;{its of the summer and autumn have; dritnl up the moisture of 
the ejulh. There are; many 8tn;arns of like; nature*, whiedi run through 
divers parts of the empire;, whicli being convejyed by Aat’KOtJOTs, at the 
charge and e;x|)(jnse of the; incus, are; works of grarufemr and ostemtation, 
and which rc‘(;omm(;nd the; magnificemce; of the; incas to all posterity ; fiir 
these aqueducts may w<;ll be compared to the miriiculous fabricks winch 
have been the works of miglity prince;s, wlio liave left their prodigious 
monuments of ostentatiein to be; julmirtul l>y future; agc*s; for, inde*(*cJ, w© 
ought to consider that these waters had the;ir source; and beginning from 
vast, high mountains, and were carried ove;r craggy rocks and ina<;ce;s8iIdo 
passjiges ; and to make these ways plain, th(*y hacf no help instrtimt‘nti 
forged of steel or iron, such as pickaxes or sledge;s, Imt served themselves 
only with one stone to break another. Nor were; thc;y ace|uaioti»d with 
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tlae invention of arches, to convey the water on the level from one preci 
pice to the other, but traced round the mountain until they found ways 
and passages at the same height and level with the head of the springs. 

“ The cisterns or conservatories which they made for these waters, at 
the top of the mountain, were about twelve feet deep ; the passage was 
broken through the rocks, and channels made of Hewn stone, of about two 
yards long and “tibout a yard high ; which were cemented together, and 
rammed in with earth so hard, that no water would pass between, to 
weaken or vent itself by the holes of the channel. 

“ The current of water which passes through all the division of Cunti- 
myu I have seen in the province of Quechua^ which is part of that divis- 
ion, and considered it an extraordinary work, and indeed surpassing the 
description and report which hath been made of it. But the Spaniards 
who were aliens and strangers, little regarded the convenience of these 
works, either to serve themselves in the use of them, or keep them in re- 
pair, nor yet to take so much notice of them, as to mention them in their 
histories, but rather out of a scornful and disdaining humor, have suffered 
them to run into ruine, beyond all recovery. The same fate hath befallen 
the AQUEDUCTS whicli the Indians made for watering their corn lands, of 
which two thirds at least are wholly destroyed, and none kept in repair, 
unless some few which are so useful that without them they cannot stis- 
tain themselves with bread, nor with the necessary provisions of life. 
All which works are not so totally destroyed, but that there still remains 
some mines and appearances of them.’’ 

The last who was independent, and by far the worst of the incas, was 
Atahualpa or Atabalipa, the 13th from Manco Capac. He treacherously 
slew his brother and murdered nearly all his relations. Garcilasso’s 
mother and a few others escaped. He was strangled by Pizarro in May 
1533, after having purchased his life of that monster, by filling the room ot 
his prison with gold and silver vessels, and ingots, to a line chalked round 
the wall, at the height of about seven feet from the ground. This room 
was twenty-five feet by sixteen. 

That the Peruvians had wells in the' remotest times has al^ady been no- 
ticed; and when the Spaniards inrad(^ tls^ir country^/ gifeat quantities 
of treasures were thrown into tlifenS. *The discovery of these wells 
may yet lading JO view numerous specimens of their works in the 
metals. W^hav^not met with any intimation of their mariner of raisvig 
water, whether by a simple cord and vessel, by means of a pulley, or 
a windlass, or any other machine. ’Tis true that Garcilasso, when describ- 
ing die various pendants which they wore in their ears, mentions rings 
as large “ as the frame of a pulley, for they were made in the form of 
those with which we draw up pitchers from a wll^ and of* that compass, that 
in ease it were beaten straight, it would be a quarter of a yard long and 
a finger in thickpess,” bu^in this passage we understand him to refer to 
the Spanish method of drawing water ; and this is probable, for in anoth- 
er part of his work, when speaking of the large stones used in the public 
buildings at Cusco* he says the workmen had neither cranes nor 
Still it is possible that he referred to the mode his countrymen employed. 

There are conclusive proofs however, in some extracts that are too in- 
teresting to be omitted, that the ancient Peruvians were well acquainted 
with the management and distribution of water through pipes ; and of 
making and laying the latter ; and what is singular, both the sources of 
the water and the direction of the tubes under ground were kept secret, 
as was the custom with some people of Asia. In many of the houses 
to£ the incas) were great cisterns of gold, in which they bathed themselves, 
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with COCKS and pipes of the same metal, for conveyance of the water.' 
Some interesting particulars are also given by Garcilasso respecting th 
supply of Cusco with water. Speaking of a certain street, he says, nea 
thereunto are two pipes of excellent water, which pass under ground, bu 
by whom they were laid and brought thither, is unknown, for want o: 
writings or records to transmit the memory of them to posterity. Thos^ 
pipes of water are called silver snakes, because the whiteness of the wa 
ter resembled silver ; and the windings or the meanders of the pipes weri 
like the coils and turnings of serpents.’^ In the fortress of Cusco was 
fountain of excellent water, which was brought at a far distance unde 
ground, but where and from whence the Indians do not know j for sue) 
secrets as these were always reserved from common knowledge in thi 
breasts of the inca and of his counsel.” The lake Chinchiru near Cusco 
contained good water, and *‘by the munificence of the inca was fur 
nished with several pipes and aqueducts,” to convey water into lowe 
grounds, which were used till rendered useless by neglect of the Span 
iards. “Afterwards, in the year 1555 and 56, they were repaired by m; 
lord and father Garcilasso de la Vega, he being the mayor of that city, am 
in that condition I left them.” 

In describing the temple and gardens at Cusco, he observes, then 
were five fountains of water, which ran from divers places through pipe 
of gold. The cisterns were some of stone, and others of gold and silver 
in which they Washed their sacrifices, as the solemnity of the festival ap 
pointed. In my time there was but one of these fountains remaining 
which served the garden of a convent with water. ; the others wer6 lost 
either for want of drawing or cleansing, and this is very probable, be 
cause, to my knowledge, that which belonged to the convent was lost fo 
six or seven months, for want of which water the whole garden was drie< 
up and withered, to the great lamentation of the convent and the whoL 
city ; nor could any Indian understand how that water came to fail, or t( 
what place it took its course. At length they came to find that on th 
west.-^ide of the convent the water took its course under ground, an< 
fell fnto the J^hidjiip^gses through the city ,* which in the times o: 

the incas ha^J itaibaiiKs^k‘4|)l^^ ijj^tl:^tpr\p',.. and ^e bottom well paved 
that the earth might not falX in ,* the tvhich work was continued througl 
the whole city, and for a quarter of a league without ; by thi 

carelessness and sloth of the Spaniards is broken, and *iliO pf^ement dis 
placed ; for though the spring commonly yields not water ve/y plentiful 
ly, yet sometimes it rises on a sudden and makes such an incredible inun 
dation that the force of the current hath disordered the channel and tin 
bottoms.” 

“ In the year 1558 there happened a great eruption of water from thi 
fountain, which broke the main pipe and the channel, so that the fury o 
the torrent took another course and left the g^Cen dry ;,|Lnd now by tha 
abundance of rubbish and sullage which* comes'Trom the bity, the channe 
is filled up, and not so much as any mark or signal thereof remains. Th' 
friars, though at length they used all the diligence imaginable,' yet the; 
could not find the ancient channel, and to trace it from the fountain heai 
by way of the pipes, it was an immense work, for they were to dij 
through houses and deep conveyances under ground, to come at it, for th 
head of the spring was high. Nor could any Indian be found that couh 
give any direction herein, which discouraged them in their work, and i 
the recovery of the others which anciently belonged to the temple 
Hence we may observe the ignorance and inadvertisement of those In 
dians, and how little the benefit of tradition availed amongst them ; fo 
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though it be only forty-two years at this day since those waters forsook 
thedr course ; yet neither the loss of so necessary a provision as water, 
which was the refreshment of their lives, nor of that stream which sup- 
plied the temple of the sun, their god, could by nature or religion con- 
serve in them the memory of so remarkable a particular. The truth is, 
that it is probable that the undertakers or master-workmen of those water 
works did communicate or make known to the priests only^ the secret con- 
veyances of those waters ; esteeming every thing which belonged to the 
honor and service of the temple to be sacred, that it was not to be re- 
vealed to common eo.rs, and for this reason perhaps the knowledge of those 
waters might dye and end with the order of priests.^^ 

“ At the end of six or seven months after it was lost, it happened that 
some Indian boys playing about the stream, discovered an eruption of wa- 
ter from the broken ; of which they acquainting one the other, at 
length it came to the knowledge of the Spaniards, who, judging it to be 
the water of the convent that had been lost and diverted from its former 
course, gave information thereof unto the friars, who joyfully received 
the good news, and immediately labored to bring it again into direct 
conveyance, and conduct it to their garden. The truth is, the pipes lying 
vo'ij deej) were buried with earth, so that it cost much labor and pains to 
to reduce it to its right channel ; and yet they were not so curious or in- 
dustrious as to trace the fountain to the spring head. That garden which 
now supplies the convent with herbs and plants, was the garden which in 
the times of the incas belonged to their palace, called the garden of gold 
and silver ; because, that in it were herbs and flowers of all sorts, lower 
plants and slirubs, and taller trees, made all of gold and silver ; together 
with all sorts of wild beasts and tame, which were accounted rare and 
unusual. Tlicre were also strange insects, and creeping things, as snakes, 
serpents, lizards, carnelions, butterflies, and snails ; also all sorts of strange 
Lirdsj and every thing disposed, and in its proper place with great care, 
and imitated with much curiosity, like the nature and original of that it 
represented. There was also a mayzalJ, which bears the Indian wheat of 
an extraordinary bigness, the seed whereof they call quinia. Likewise 
flants which produce lesser seeds, and trees bearing their several sorts of 
fruit, all made of gold and silver^ and excellently representing them in 
their natural shapes. In the palace also, they had heaps or piles of billets 
Bud faggots made of gold and silver, rarely well counterfeited. And for 
the greater adornment and majesty of the temple of their god the sun, 
they had cast vast figures in the forms of ??ien and loomen and cMldreny 
which they laid up in magazines or large chambers, called pirra j and 
every year, at the principal feasts, the people presented great quantities 
of gold and silver, which were all employed in the adornment of the tem- 
ple. And tlioso goldsmiths whoso art and labor was dedicated to the sun, 
attendcul to no other work, than daily to make neio invmtions of rare work- 
manship out of those metals. In short they made all sorts of vessels or 
utensils belonging to the temple, of gold and silver, such aspofe, andy^a^^f, 
and and fire shovels, and tongs, and every thing else of use and ser- 

vice, even their very sjyadcs and rakes of the garden wore made of the 
like metul.”*^ 

The author of ‘ Italy, with sketches of Spain and Portugal,^ Phil. 
1834, enumerating some of the curiosities in the niTiseum of Madrid, re- 

«• The imiHHion of Monsrs. Jainen, liowdich and Hutchinson, sent by the British go 
vernment to Asluintee, found the king and all his attendants literally oppressed with em 
bellisliments of solid gold, with which their persouH were nearly covered. ^Even the 
most common utcjisils were composed of that uictaL’ 
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marks : “ wHat pleased me most, was a collection of Peruvian vases ; a 
polisked stone which served the incas for a mirror ; and a linen mantle, 
which formerly adorned their copper colored shoulders, as finely woven 
as a shawl, and flowered in very nearly a similar manner ; the colors as 
fresh and vivid as if new.’’ VoL ii, 211. 

It is difficult after perusing the history of this interesting people, to re- 
concile the state of the arts among them at the Spanish invasion, with the 
opinion, that Manco Capac arrived from Asia at so late a period as the 
12th century. If he was the enterprising and intelligent man that he is 
represented to have been, and there is every reason to believe he was, it 
is impossible that as an Asiatic, he could have been ignorant of the saw, 
the auger, files, of fitting wooden handles to hammers, of nails, scissors, 
the crane, windlass, pulley, the arch, iron, &:c : or having a knowledge of 
these things, that he should not have introduced them, or at least some of 
them. But 'if the Peruvians were also ignorant of the swape, noria, 
or chain of pots, the objections to such an opinion are greatly strengthen- 
ed. From what part of the eastern world could such a man have come 
without having a knowledge of these machines, and yet be acquainted, as 
he was, with all the essential features of oriental agriculture 1 Machines 
too, of the utmost importance in Peru, where rain was generally unknown, 
and water scarce and valuable as in Egypt itself^ — and machines more 
necessary than any other, in furthering the objects he had in view 
While a doubt remains respecting their employment, we should sup 
pose that he really was, as surmised by Garcilasso, a native, who by 
the superiority of his understanding, and by a subtile deportment (the more 
efiectually to carry out his measures) persuaded the people that he came 
from the sun. Indeed, the state of the useful arts generally among them 
in the 15th century, implies that they had not had any permanent connec- 
tion with Asiatics for many ages ; but that they were gradually recovering 
a knowledge of the arts, which in very remote times had been practised 
by nations then extinct ; and hence the paucity of their tools and die 
pecvliarity of some of their devices, as their quippus or historical cords, 
their modes of computation, &c. Moreover, neither the Mexicans nor 
Peruvians had reduced the lower animals to subjection, at any rate not 
for agricultural purposes j and though they had neither the horse, the ass, 
nor ox ; yet the former had the buffalo, an animal that has been used 
from the remotest ages to plough the soil. This circumstance alone is 
sufficient to show that they did not derive their knowledge of agriculture 
from Asia, within the time generally supposed, if at all. 

Who can reflect on the civilized people, that in remote ages inhabited 
these continents, without mourning over their extinction, and the loss oi 
every record respecting them % A people, whose very existence would 
have been unknown, had not some relics of their labors (like the organic 
remains of animals whose species are extinct) yet resisted the corroding 
effects of time. When we examine the ruins of their temples, their cities, 
and other monuments of their progress in the arts, our disappointment 
amounts to distress, that the veil which conceals them, is not, and perhaps 
cannot be removed. Strange as it may appear, we are almost as ignorant 
of the mysterious Palenque, and hundreds of other cities, equally and 
some of them perhaps much more ancient — as of the builders of Babel — 
and we know about as little of their early inhabitants as if they had beer 
located on another planet. 
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MACHINES FOR RAISING WATER BY THE PRESSURE OF THE 

ATMOSPHERE. 


CHAPTER I. 

ON machines that raise water by atmospheric pressure — ^Principle of their action formerly unknown— 
Suction a chimera — Ascent of water in pumps incoinprohensiblo without a knowledge of atmospheric 
pressure — Phenomena in the organization, liabits, and motions of animals — Rotation of the atmosphere 
with the earth — ^Air tangible — Comprcssiblo — Expansible — Elastic — Air bods — Ancient beds and bed- 
steads — ^Weight of air — Its pressure — Examples — ^American Indians and the air pump — ^Boa Constrictor 
— Swallowing oysters — Shooting bullets by the rarefaction of air — Boy’s suckor — Suspension of flies 
against gravity — Lizards — ^Frogs — ^Walrus — Connection between all departments of knowledge — Suck 
ing fish — Remora — Lampreys— Oampicr — Christopher Columbus at St. Domingo — Ferdinand Columbus 
— Ancient fable — Sudden expansion of air bursting the bladders of fish — ^Pressure of the atmosphere on 
liquids. 

With the last chapter we concluded our remarks on machines em- 
braced in the first general division of the subject, (see page 8) and now 
proceed to those of the second ; viz. such as raise water by means of the 
weight or pressure of the atmosphere. These form a very interesting 
class — they are genuine philosophical instruments, and as such may serve 
to exhibit and illustrate some of the most important truths of natural phi- 
losophy. The principle upon which their action depends was formerly un- 
known, and even now, a person, however ingenious, while ignorant of the 
nature and properties of the atmosphere, would be utterly unable to ac- 
count for the ascent of water in them. Having no idea of the cause of 
this ascent, except the vague one of metion, he would feel greatly embar- 
rassed if required to explain it. And when informed that there really is 
no such thing in nature as suction, but that it is a mere chimera, having no 
existence except in the imagination, the task would be attended with in- 
superable difficulties. Perhaps he would have recourse to a common 
fwmjp^ to trace, if possible, the operation in detail ; if so, he would natural- 
ly begin with the first mover, or the pump handle, and would look for 
some medium, by which motion is transmitted from it, to the water in the 
well ; but, however close the scrutiny might be made, he would be una- 
ble to detect any ; and as a matter of course, while a connection between 
them, i. e. between the mover and the object moved, could not be discov- 
ered, it would be Impossible for him satisfactorily to account for the phe- 
nomenon, If “ a body cannot act where it is not present,’^ as the sucker 
of a pump, on water at a distance from it, how could such a person ac- 
count for the ascent of that water in obedience to the movements of the 
sucker? And how could he explain the process by which it was effected, 
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while lie could find no apparent communication between them 1 The fact is 
it would be difficult for him to point out any closer connection between 
the pump rod and the water in the well, than between a walking cane in 
the hands of a pedestrian, and water under the surface of the ground 
over which he stepped ; nor could he assign a conclusive reason, why the 
liquid should not ascend and accompany the movements of the latter as 
well as of the former. 

He could perceive no obvious or adequate cause for the elevation of 
water through the pipe of a pump, there being no apparent force applied 
to it, or in the direction of its ascent, no vessel or moveable -pallet going 
down, as in the preceding machines, to convey or urge the liquid up — and 
hence he could no more comprehend how the movements of a pump box 
(sucker) above the surface of the ground, should induce water in a well 
to rusk up towards it, than he could explain how the waving of a magi- 
cian’s wand should cause spirits to appear. 

Long familiarity with the atmospheric pump, makes it hard for us, at the 
present day, to realize the difficulties formerly experienced in accounting 
for the ascent of water in it. Suppose the cause yet unknown and un- 
thought of — it certainly would puzzle us to explain how a piece of leath- 
er (the sucker) moving up and down in a vertical tube, whose lower ori- 
fice is in water, some twenty- five or thirty feet below it, should conjure 
that water up. Such a result is opposed to all experience and observa- 
tion in other departments of the arts ; nor is there any thing like it, in the 
machines we have examined in the preceding book. The mechanism by 
which motion is transmitted from them to the water, is obvious to the 
senses — a tangible medium of communication is established between the 
force that works them and the water they raise j whereas in the pump, an 
invisible agent is excited, whose effects are as surprising as its mode of 
operation is obscure. ’Tis true, a tube (the pump pipe) is continued from 
the place where the sucker moves to the water, but it remains at rest, or 
is immoveable, and therefore cannot transmit motion from one to the other ; 
it is merely a channel through which the water may rise — it does not 
raise it. 

But if, in order to establish a connection between the sucker and water, 
the former were made to descend through the pump into the latter, still 
the difficulty would not be overcome. The sucker in that case would act 
much like one of those buckets, used in some wells, which has an opening 
in its bottom to admit the water, and covered by a flap to prevent its 
return. (The sucker is in fact, merely a small bucket of this kind, and is 
so named in some countries.) In both cases the water would be raised 
which entered through the valves — the bucket would bring up all it con- 
tained, and the sucker all that passed through it into the pump ; so far the 
operation of both is clear, and as regards the raising of the water above 
the valves, would be the same ; but it is the ascent of a column of water 
behind the sucker that requires explanation — a liquid column that folio w^s 
It as closely through every turn of the tube, as if it were a rope, having 
its fibres at one end fastened to the sucker and 'pulled up by it. What 
is it that makes this water ascend against a law of its nature — against 
gravity 1 Were the cohesion of its particles such that it could be raised 
by a force applied only to its upper end, then indeed the difficulty would be 
diminished ; but in that case, it w'ould follow that a similar column would 
ascend after a bucket when drawn out of an open w’^ell ; and further, that 
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begin to think, that when a liquid is raised in the pipe of a pump, it must 
be b^; some force acting helow, or behind it, a force a tergOf as it is named, 
and of which all the preceding machines are examples. Thu? when a 
bucket of water is raised from a well, the force is applied oehind if, 
i. e. to the hoitom of the bucket, through the cord, bale, and sid 3 s, to which 
it is attached. It is the same in the screw, the force continually elevating 
a portion of it immediately hehind the water ; and in the tympanum, no- 
ria, chain of pots, chain pump, &c. it is the same ; the vessels or pallets 
go below, i. e. behind the liquid and urge it up before them. It is the same 
in all ordinary motions. I wish to examine a small object laying at the 
foot of my garden : now I cannot by moving this ruler in its direction, in 
the manner of a pump rod, induce it to move to me, nor can it ever be so 
moved, until the force of some other body in motion behind it impel it to- 
wards me. It is the same in the case of a stubborn boy, who not only re- 
fuses to move as directed, but opposes the natural inertia of his body to 
tlie change, and therefore can only be impelled forward by some force ap- 
plied directly or indirectly behind him, by dragging or pushing him along. 
In this way, all the motions in the universe, according to some philoso- 
])hcrs, arc imparted or transferred ; those which appear exceptions being 
considered modifications of it. Still however, the difficulty of establishing 
a connection between the movements of the sucker in the interior of the 
pump at one end, and this force, whatever it might be, acting on the wa- 
ter, outside of it, at the opposite end, would remain j and we should prob- 
ably at last impute this ascent of water (with the ancients) to some inde- 
finaJ)h'- energy of nature, both fallacious and absurd ; nor would this be 
surprising, for in the absence of a knowledge of the atmosphere and of 
its |)roperties, tlierc really is as great a mystery in the movements of a 
pump rod being followed -by the ascent of the liquid, as in any thing ever 
attril)uted to the divining rod, or to the wand of Abaris. 

In ordiu' to understand the operation of machines belonging to this part 
<d* tlui subject, and also the principle upon which their action depends, we 
must leav(5, for a few moments, the consideration of pumps and pipes, and all 
the contrivances of man, and turn our attention to some of the Creator's works 
as they are cxhil)ited in nature. This may perhaps be deemed a depar- 
ture from the subject; it is however so far from being a digression, that it 
is^ (.‘ssentially necessary to ascertain the cause of water ascending in this 
class of machines, as well as to understand the philosophy of numerous 
natural as well as artificial operations, that are performed by apparatus 
analogous to them ; as the acts of inspiration and respiration, quadrupeds 
drinking, the young of animals sucking their dams, children drawing nour- 
ishment from their mothers* breasts : bleeding by cupping, by leeches, 
or by the more delicate apparatus of a musketoe*a proboscis ; and if 
things ignolfie may be named, the taking of snuff, smoking of cigars and 
])lpes of tobacco, and also the experiments of those peripatetic philosophers, 
who perambulate our wharves, and imbibe nectar through straws from 
hogslu^ads of rurn and molasses. 

lllvcny })erson is aware, that the earth on which we live is of a globular 
or spheroidal figure, and that it is enveloped in an invisible ocean of air or 
gas, whicli exttmds for a great number of miles from every part of its sur- 
fac.e. This hollow sphere of air is named the atmosphere, and is one of 
the most (essentia, 1 parts in the economy of nature. It is the source as 
well as the th<‘a,tre of those sul)limc meteorological phenomena which we 
<a)nstanTly behold and admire. It is necessary to animal and |o vegetable 
life. Its material is the * breath of life’ to all things living. It is more- 
over tlie peculiar element of land animals, the scene of their actions, the 
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fluid ocean in which, they only can move, and wdthin which they are al- 
ways immersed. It is to them, what the sea is to fish : remove them from 
it, and they necessarily die. In some respects nature has been more fa- 
vorable to fishes than to us : most of them can ascend to the surface of 
the fluid in which they live, but we can only exist in the lowest depths of 
the atmospheric ocean that confines us : if we ascend but a little, our 
energies begin to fail, and we are compelled to descend to the bottom, the 
place she designed us -to occupy. 

Possibly, some people may suppose that the velocity with which the 
earth shoots forward in her orbit, might sometimes cause this atmosphere 
(which hangs as a mantle so loosely about her) to be left floating, like the 
tail of a comet, behind; or be entirely separated from her, like the cloud of 
vapor which the impetuous ball leaves at the cannon’s mouth. Such how- 
ever is not the fact ; on the contrary, it revolves uniformly with the earth 
on the axis of the latter, and accompanies her, as a part of herself, round 
the sun. ' Were it indeed separated from her, but for a moment, either by 
an increase or diminution of her velocity, the present organization of na- 
ture would be destroyed ; every mountain would be hurled from its base; 
every house on the globe would be leveled ; and no human being could 
survive. Had the atmosphere not a rotatory motion also, in common 
with that of the earth, i. e. of the same velocity and in the same direction, 
a very different state of things, as regards the arts, would have subsisted 
than those which we behold. For example, aerial navigation would cer- 
tainly have superseded nearly all traveling by land and water ; and rail- 
roads, and locomotive carriages, and steamboats, would hardly have been 
known ; for the project of that individual who proposed to visit distant 
countries, by merely ascending in a balloon, till the rotation of the earth 
on its axis brought them under him, when he intended to descend, would 
have been no visionary scheme. 

The air is tangible . — Although the substance of the atmosphere is not 
visible, it is tangible ; vfefeel it when in motion as wind, whether it be 
gently disturbed as in the evening breeze, or by the slight waving of a 
lady’s fan; or when greatly excited, as in the hurricane, or the violent blast 
from a bellows’ mouth. We also see its effects when thus in motion, in 
the direction of smoke, extinction of our tapers, slamming of doors, in the 
beautiful waving of grass, and of the full eared grain of the fields ; trees 
yielding to its impulse, buildings unroofed, and sometimes in the prostra- 
tion of large tracts of forests; in windmills, sailing of ships, and the con- 
vulsions into which it throws the otherwise placid ocean. 

Air is co7rupressible . — Indeed compressibility and expansibility are pro- 
perties of all bodies ; by the abstraction of heat, airs are compressed into 
liquids, and liquids into solids, while an increase of temperature expands 
solids into liquids, and these into airs. In the common air gun, four or five 
gallons of the dense air around us are compressed into a pint, and by 
further pressure they may be squeezed into a few drops of liquid, which 
a tea spoon might contain. 

Its expansibility or dilatability is, so far as known, illimitable ; the space 
it occupies being always in proportion to the pressure that confines it. li 
a collapsed and apparently empty bladder be placed under a receiver, 
and the air around its exterior be removed, the small portion within will 
expand and swell it out to its natural shape. If it were possible to with- 
draw the whole of the air from this room, and a globule no larger than a pe£ 
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incumbent strata, and thus at a certain height this small globule of a 
would occupy a space equal to the earth itself! And at the height of foi 
or five hundred miles, it has been calculated, that less than a teacup fu 
of the air we breathe, would fill a sphere equal in diameter to the vei 
orUt of Saturn 1 The efficiency of the air pump in producing a vacua 
depends entirely on this property. 

Air at the foot of a mountain, whose elevation is between three ai 
four miles, occupies twice the space when carried to the top. A quart ( 
it taken from the summit would be reduced to a pint if conveyed to tl 
bottom. From this expansive power of air arises its elasticity. This 
familiar to most people ; for when confined in flexible vessels, as air bed 
pillows, life preservers, &c. as soon as any weight or pressure impin 
ing upon them is removed, the elasticity of the confined fluid pushes t 
the depressed part as before. If air within a bladder were not elastic, tl 
impressions made by the fingers in handling it would remain as in a bs 
of paste, and air beds would retain the form of bodies that reposed upc 
them, like a founder’s mould of sand or plaster.^ Those extremely lig 

Air beds are not, as some persons suppose, of modem origin. They were kno^;^ 
between three and four hundred years ago, as appears from the annexed cut, (No. 66 
copied from some iigurea attached to the first German translation of Vegetius, A. 1 
1511. It represents soldiers reposing on them in time of war, with the mode of infl 
ting them by bellows. 



No. 08. Ancient Air Bed. 

This application of air was probably known to the Romans. Ileliogabalus used 
amuse himself with the guests ho invited to his banquets, by seating them on large bs 
or beds, “ full of wind,” which being made suddenly to collapse, threw the guests on t 
ground. 

Dr. Amott, the author of * Elements of Physics,’ a few years ago, proposed * Hydi 
static beds,^ especially for invalids. These are capacious bags, formed of india-rubl 
cloth, and filled with watsr instead of feathers, hair, &c. Upon one of these a soft and tl 
mattress is Itud, and tlien the ordinary coverings. A person floats on those beds as < 
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balls of caoTitcbouc, wbicb of late years have been introduced as ] 
toys for children, rebound from the objects they strike by the sprii 
the air they contain. In the boy's pop gun, that is formed of a qui 
tiny pellet is sent on its harmless errand by the elastic energy of the 
pressed fluid. And in the air gun, it is the elasticity of the same 
that projects balls with the force of gunpowder. If it were not e 
people when fanning themselves would feel it thrown against then 
sons like water or sand. The act of inhaling it would be painful, 
would enter the chest by gluts, while its pulsations in sound would qi 
destroy the membranes of the ear. 

Perhaps nothing is better calculated to expand our ideas of the p: 
ties of matter, and of the wonders of creation, than the compress 
and dilatability of air. From the last named quality, it is probabl 
there is no such thing in nature as an absolute vacuum ; and the b< 
our air pumps can scarcely be said to make even a rude approxir 
to one ! Those, whose knowledge of nature is confined to impre 
.which things make on their senses, may suppose that the extremes 
lidity may be found in a pig of lead and a bale of spunge; althou^ 
former is, in all probability, as full of interstices as the latter j and 
persons could with difficulty be made to believe, that the entire m 
matter (air) which Jills a space so immeasurably large as to baffle a 
culation could be compressed into a lady's thimble, and even squee 2 
to a liquid drop, so minute, as scarcely to be perceived at the enc 
needle. 

Like all other matter with which we are acquainted, air has h 
This property is not naturally evidfent to our senses, but it may eas 
rendered so. By accurately weighing a bladder when filled with a 
afterwards when empty, it will be found heavier when full. ThI 
an experiment of the ancients, but the moderns have ascertained i 
finite weight. A cubic foot of it, near the earth^s surface^ weighs 
1:^ ounces or -g-^ part that of water, a cubic foot of the latter we; 
1000 ounces ; hence the expression “ water is 800 times heaver tha 
The aggregate weight of the atmosphere has been calculated i 
wards of 77 billions of tons, being equivalent to a solid globe of le 
miles in diameter ; hence its fressure^ for this enormous weight n 
incessantly upon the earth’s surface, and upon every object, anirr 
inanimate, solid, liquid, or aeriform. The pressure it thus exerts, i 
places that are not greatly elevated above the level of the sea) is ec 
to about 15 lbs. on every superficial square inch. Thus an ordinar}; 
person exposes so large a surface to its influence, that the agg 


water alone, for the liquid in the bag adapts itself to the uneven surface of the bo 
supports every part reposing upon it, witli a uniform pressure. Water beds wei 
.ever known to the ancients, for Plutarch (in his life of Alexander) states that the 
in the province of Babylon slept during the hot months, “ on skins filled with w 
The luxury of the ancients with regard to beds was carried to a surpris 
tent. They were of down, of the wool of Miletus, and sometimes stuffed wi 
cock’s feathers. The Romans had linen sheets, white as snow, and quilts of 
work, and sometimes of cloth of gold. Bedsteads among the rich Greeks and 1 
w-ere sometimes of ivory, of ebony, and other rich woods, with inlaid work, and 
in relief. Some were of massive silver, and even of gold, with feet of onyx, 
had them also of iron. One of that material was found in Pompeii. The earli 
tallic bedstead mentioned in history is that of Og, king of Bashan. The Persi 
slaves expressly for bed making, and the art became famous in Rome. Gold 
often formed part of the plunder which the generals exhibited at their triumplu 
Athenians put Timagoras their ambassador to Persia to death, for accepting j 
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pressure wHcli Ms body sustains is not less than 14 or 15 tons. “Not less 
than what 1” once exclaimed an elderly and corpulent lady. “ Why how 
can that be '? We could neither talk, nor walk, nor even move ; and be- 
sides, sir, if that is the case, why don^t we feel it?’’ For a yery simple 
r-eason, though at the first view not a very obvious one. Air, as a fluid, 
presses equally in every direction — upwards as well as downwards — side- 
ways and every way. Its component particles are so inconceivably 
minute, that they enter all substances, even liquids. Air is mixed up and 
circulates with the blood of all animals; it penetrates all the ramifications 
and innermost recesses of our porous bodies, and by the pressure of its 
superincumbent strata is urged through them, almost as freely as through 
tlie fleece of wool on a sheep’s back, or between the fibres and threads 
of a ball of silk. Now, it is this circulation through the interior of our 
bodies that balances its pressure without. If its weight upon us were not 
thus neutralized, we certainly could neither talk nor walk : the lips of the 
loudest speaker, when once closed, could never be opened. We should be 
as mute and immoveable as if enclosed in statues of lead. And we should 
feel it, too — that is, for a moment ; for it would as effectually crush us to 
death, as if we were placed in mortars, and pestles, each weighing 14 or 
15 tons, were suddenly dropped upon us. 

It is the air within the breast of the mother that forces milk into an 
infant’s mouth, when the latter, by instinct, removes the external pressure 
from the nipple by sucking. It is the same with all mammiferous animals. 
The operation of cupping is another illustration of the same thing; the 
rartdaclion of the air under the cup produces a partial vacuum within it; 
and as the external pressure of the atmosphere is removed from that part 
which is under it, the internal pressure urges the blood through the 
wounds. Were cupping instruhaents applied over the eyes, those organs 
would be protruded from their sockets. 

As it is the pressure of the atmosphere upon which the action of the 
machines about to be described principally depends, we shall extend our 
remarks upon it. 

Suppose a specimen of delicate fillagi'ane work, formed of the finest 
threads and plates, and of the human form and size, were sunk in water to 
the depth of 34 or 35 feet ; it would then be exposed to the same degree 
of pressure to which our bodies arc subject from the atmosphere ; and 
when drawn up, it would be found uninjured, because the water entering 
into all its cavities, pressed just as much against its interior surfaces as the 
lupild around it against the exterior. But if it were enclosed in a skin or 
fltjxil'lc covering, impervious to water, and then sunk as before, the pres- 
sur(! of the liquid around its exterior (not being balanced by any within) 
would crush it into a shapeless mass. Just so would it be with our 
bodies, and those of all terrestrial animals, if the air within them did not 
counteract the pre.ssure without. And as long as this interior circulation 
r(‘mainB, we can no more feel the pressui'e of the atmosphere than a fish 
finds that of water ; nor can we be deranged or compressed by it, an}’' 
more tlian a bundle of wool is, or a mass of entangled wire. It was 
ignorance of this simple fact — air in the interior of bodies exactly balancing 
the exterior pressure — that led the ancients astray, and induced one of the 
most sagacious inudlects that was ever clothed in humanity (Aristotle) to 
ascribe tills pressure to “ nature’s abhorrence of a vacuum.” 

Since the invention of the air-pump in 1G54, numerous experiments 
are made, which demonstrate the pressure of the atmosphere. By it, this 
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of the hand is held over the aperture of an exhausted receiver, the weight 
or pressure of the air on the back being no longer balanced by its action 
on the palm, the hand is irresistibly held to the vessel. A criminal or 
maniac, whose hands and feet are thus treated, would be as effectually 
secured as by fetters of iron. Few things are better calculated to excite 
wonder, and even horror, in the savage mind, than a part of the body 
being thus rendered helpless, as if spell-bound by some invisible agent 
A few years ago, an experiment was made with the chief of a delegation 
of Pottawatamies to the seat of government, at which the writer was 
present. Although the interpreter previously endeavored to make them 
understand the intended operation, it will readily be supposed that such 
an attempt must necessarily have been fruitless. When the receiver was 
exhausted, he was amazed to find his hand Immoveable, and that, like 
Jeroboam’s, he could not pull it in again to him.” In his endeavors to 
free it, he rapidly uttered the characteristic interjections, ugh ! ugh ! and 
at last shrieked, as if in despair of being delivered from the power of the 
white enchanter; when his attending warriors flourished their tomahawks 
and rushed to his rescue, as if roused by the war-whoop. 

It is not, however, necessary to have recourse to the air-pump, for 
proofs of atmospheric pressure. Numerous operations daily occur in 
common life which equally establish it. When a person washes his 
hands, if he lock them together so as to bring the palms close to each 
other, and then attempt to raise the central parts so as to form a cavity 
between them, at the same time keeping the extremities of the palms in 
close contact, he will feel the atmospheric pressure very sensibly : if the 
experiment be made under water, the effect will be more obvious still. 
Analogous to this is the attempt to open the common household bellows 
when the valve and nozzle are closed. The boards are then forced open 
with difficulty, in consequence of the pressure of the air on their exterior 
not being balanced by its admission within. If the materials and joints 
were made air-tight, and the orifices perfectly closed, the strongest man 
that ever lived could not force them open. This experiment, we believe, 
was familiar to the ancients; for we are indebted to them for both the 
olacksmith and domestic bellows. Another experiment of theirs, of a 
similar kind, was with the syringe. When the small orifice is closed with 
the finger, the piston is pulled up with difficulty, on account of the air 
pressing on its surface ; and the moment we let go of the handle, it 
instantly drives it back, in whatever position the implement is held. 
The ordinary syringe seldom exceeds three-fourths or one inch in diame- 
ter, and any person can thus draw out the piston ; but one of six or seven 
inches diameter would require a giant’s strength ; and one of a foot or 
fifteen inches would resist the efforts of two or three horses. 

Numerous illustrations of atmospheric pressure may be derived from 
the animal kingdom. The boa constrictor when it swallows its prey 
affords one. As soon as this serpent has killed a goat or a deer, he covers 
its surface with saliva : this appears necessary to lay the long hair of these 
animals close, in order to prevent air from passing between the body of 
the victim and the interior of the devourer’s throat.' After taking the 
head into his mouth, by a wonderful muscular energy he alternately dilates 
and contracts, the posterior portions of his body, until the pressure of the 
atmosphere forces into his flexible skin an animal whose bulk greatly 
exceeds that of his own. But if air were to pass between the body of the 
victim and the dilatable gullet of the boa, while the latter was making a 
vacuum to receive- it, the pressure of the atmosphere would be neutralized 
as effectually as if a gash were made through his skin in front of the victim 
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The same process may be witnessed in ordinary snakes,^ for all serpents 
swallow their prey whole. There is no mastication to iacilitat.c degluti- 
tion, Their upper jaws are loosely connected to the head, so that the 
mouth can be opened very wide, to admit larger animals than the size of 
the serpents would lead one to suppose. 

Such examples, it must be admitted, are not very familiar ones ; but 
there is an experiment not much unlike them, that most people hiive wit- 
nessed, and not a few perform it in their own persons almost daily. In 
every age people have been fond of oysters, and numbers of our citiztuis 
often luxuriate on a finer and larger species than those which Homan 
epicures formerly imported from Britain. Now, when^ a gentltmian 
indulges in this food in the ordinary way, he affords a striking illustration 
of the pressure of the atmosphere. A large one is opened by the restau- 
rateur, who also loosens the animal from its shell, and presents it on one 
half of the latter. The imitator of the boa then approaches his lips to the 
newly slain victim, and when they come in contact with but a portion of 
it, he immediately dilates his chest as in the act of inspiration, whan the 
air, endeavoring to rush into his mouth to inflate the thorax, driv<iB thc5 
oyster before it, and with a velocity that is somewhat alarming to an 
Inexperienced spectator. If any one should doubt this to be ofFtu*4.tul l>y 
atmospheric pressure, let him fully inflate his lungs previous to attinnpting 
thus to draw an oyster into his mouth, and he will find as much diiru'.ulty 
to accomplish it as to smoke a pipe or a cigar with his mouth opim. 

This philosophical mode of transmitting oysters to thi^ stonundi is iilen- 
tical in principle with that proposed byGueiTickc and j?a|)ln, i‘or shooting 
bullets “ by the rarefaction of air.’^® A leaden ball was fitted into the 
breech of a gun-barrel, and the end being closed, a vacuum was nroflucjed 
in front of it ; after which the atmosphere was allowed to act suddenly on 
the ball, when it was driven through the tul)Q with tlic velocity of* a thou- 
sand feet in a second. Just so with the oyster : it lays inertly at the 
orifice of the devourer’s mouth — a partial vacuum is made In front ol* it 
by the act of respiration, and on dilating the chest, the atmosplun'c driv(‘s 
it in a twinkling down the natural tube in the throat — though, to b<^ sure*, 
with a velocity somewhat less than that of bullets through ,1 hi pi ids gun. 

When two substances, impervious to air, are fitted so clost^ as to (^xitlude 
it from between them, they are held together by its pnissure on their 
outsides, and with a force proportioned to the extemt of tin* Hurfli<u!{i in 
contact. Pieces of metal have been ground together so close as io bo 
thus united. Two pieces of common window-glass dipptal in ami 

pressed together, are separated with difHculty ; becaustt tln^ water serves 
to expel the air, and prevent its entrance. Glass grinders are fna|uently 
inconvenienced by this circumstance. If two plat(‘8 of glass wen,^ iku*- 
fectly plane and smooth, so as wholly to oxchulo tins air from bet. ween 
them, they would become united as one. We bavc*. Insard or rtaid of im 
stances when tliey have become actually one, and were cut by a diamomi 
as an ordinary single plate. 

The boys’ ' sucker,’ or ‘ cleaver,’ a circular piece of wet. and thi<ik 
leather, about the size of a dollar, is another illustration, 'f bi.s, when 
pressed against a smooth paving or other stone, offivi^ or te.n Ili.s. w<*ight, 
may be used to raise it, by mmins of a string attached to tin* centre. 
If one of these, four inches in diameter, were appliial to th(‘ <*nunmn of a 
bald-headed gentleman, lie might ho olevatml and snsp<‘nded by it. Dr. 
Araott recommends them to elevate diipressed portions of fracturtJtl iknlls, 
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and for other surgical operations. Possibly they might be applied with 
some advantage to the soft and yielding skulls of infants, in order to pro- 
duce those eminences upon which (according to phrenologists) the habits 
and character of individuals depend, as by means of them the most desira- 
ble organs of thought and passion might be developed, and the opposite 
ones depressed. 

The principle of atmospheric pressure has been introduced by the 
great Parent of the universe into every department of animated and in- 
animate nature. Not only does it perform an important part in the 
vegetable kingdom, but the movements of innumerable animals, on land 
and in water, depend upon it ; while others are enabled by it to protect 
themselves from enemies, and to secure their food and their prey. 
There is something inexpressibly pleasing in examining even the meanest 
specimens of the Creator's workmanship, (if such an expression may be 
allowed) and what is singular, the more closely we search into them, the 
more proofs do we meet with that the most elaborate and the most effi- 
cient of our devices are but rough copies of natural ones, which the lower 
animals vary and apply, according to circumstances, with inimitable dex- 
terity. Some of these will be noticed here ; others will be more appro- 
priately introduced in subsequent chapters. 

The feet of the common house-fly are constructed like the suckers above 
named ; and hence these insects are enabled to run along, and even sleep, 
on the ceilings of our rooms, with their bodies hanging downwards. 
When in an inverted position they plaqe a foot on an object, they spread 
out the sole, to make it touch at every part, so as to exclude the air from 
between ; and when the weight of the body tends to draw it away, the 
pressure of the external air retains it ; until the fly, wishing to move, 
j'aises the edges by appropriate meohaflism, and destroys the vacuum. 

There is not a more interesting subject for the contemplation of mecha- 
nics than the movements of these active little beings. To behold them 
running not only along the under side of a plate of glass, but also up, and 
more particularly doion a vertical onej with such perfect command over 
their motions, is truly surprising. In the latter case, from the rapidity of 
their movements, and the fact that part only of their feet are in contact 
with the glass at the same time, one might suppose the momentum of their 
moving bodies would carry them over the objects they intended to reach; 
instead of which, they dart along with a precision and facility as if impelled 
by volition alone. It is strange, too, how they are enabled to* produce 
a sufficient vacuum between their tiny feet and the asperities on an ordi- 
nary wall or ceiling ! And with what celerity it is done and undone ! 
How wonderful and how perfect must be the mechanism of these natural 
air-pumps ; and how harmonious must that machinery work by which the 
energy of the insect is transmitted to them ! Their movements when on 
the wing present another source of pleasing research. Let any ingenious 
person witness, without admiration if he can, a few of them in a door- way 
open to the sun : one or two will be found floating in the centre, as if at 
rest, until disturbed by the near approach of another, when they dart upon 
it, either in play or in anger, and drive it away ; then resuming their sta- 
* tions, they remain as guards upon duty, till called to eject other intniders. 
In these combats they vary their movements into every imaginable direc- 
tion ; they trace in the air every angle and every curve, and change them 
with the velocity of thought. As they are not jfurnished (like most fishes 
and birds) with rudders in their tails, to assist in thus changing their posi’ 
tions, but effect it by modifying the action of their wings, how energetic 
must be the force that works these ! And what perfect command must 
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the insect possess over tliem ! It would seem as if tlu;y turned tlunr 
bodies in various directions, by diminishing the velt)clty of wing, and 
increasing that of the other; and also by varying tlu^ angle at whieli tht*y 
strike the air, and descend by closing the|n or .stopping tlu‘ir vibrations. 
And with what vigor and celerity must one of tlie.se iiis(‘ets nutw its di‘ii» 
cate wings in order to elevate its comparativtdy heavy iKuly ! \’et this 
movement is made ([uick as the. otliens. It bounds ti|:)wurd.s, like a ballotui 
released from its cords ; now sailing through a room, .swt*eplng round our 
luHuls, buzzing at our ears, skimming over the floor, and iinon 
its body and resting on the ct'iling ! And all thi.M withiii two or threi^ 
.sticonds of time, and without any ap|)arent exertion or f’atigue. Ht*rc‘ is 
a fruitful su])j(;ct of iiH[uiry to die mac-hinist an<l aeronaut* All tin* woinlm's 
that tlie automatons of Maelz(d and Maillardt‘t ever wrought, are nothing 
compa,red to those that may yet he tiecojnplished by studying the orgatU' 
zation and motions of the.s<^ living machines. 

But there are larg(‘r animals than flit*.s that suspcnid tlnanselvam in an 
inverted position. Mr. Mtirsd(‘n, in his “ Ili.story of Hutnatm,*^ (Loinion, 
1811, p. ili)) metitions lizards four inches long, whudi, he ohMerv<*s, are 
the large.st reptiles that can walk in an invcu’tetl sitiuitton. One f>f them, 
of size Hufllcitmt to d<wour a. coekroacdi, run.s on the (Hjilingof a rtKun, and 
la that situation s(fiz(‘s its pniy with tin* uttnost fn-lllty. Soinetimt*s, 
howtiver, when springing loo <?ugerly at a fly, they los{* thulr hold, and 
drop t(^ th(i floor. 

Tlie Gecko of Java and otlan* cozintric.M is fnrihshc'd with aimilnr ap 
paratus in its feet, by means of wlfudi it runs up (he ^5m^ulho.sr puli;4ic‘<i 
walls, and even carriers a load with it, <‘<jual in w<‘ight (o (hat of its (»\vn 
b<Kly. ()sb(!ck mentions lizards in ( -hina (hat ran up and down (he \vall'» 
with such agility as tliey can scarce la^ caught,” J'hc? treejeng <if (hi.i 
country adheres to tlu^ l('av<*s oftn't's hy the tuhercles tut its toes j a young 
ontj has Hustain<*<l itstslf in an inviultal positiem against the tmder side of a 
plat(‘ of glass. From the obs(?rvutions of Id Je.s.se, author <»r ‘(ilearhngs 
of Natural History’ it appttar.s that ctunmon frogs <’iin oe<*asior*ally do flu* 
same. Ills account is very interesting: ** I may hen* mention a f‘urit»UH 
ohservation I ma,(h* in regard to mane fn>g.s that had falh*n dc»wrj a 'anal! 
urt*a which gav<i light to on<j of tlie wimlows of’ my house. The top tif 
the area being on a lev(*l with tin? ground, was (sivered over with fionie iron 
bars tliningli wlmd tlie iroj^ti fidl. During dry and warm vv(*athf*r whon 
they could not absorb mmd mifwtun*, I oh.served tliem to appear altiio*it 
toroid ; hut wh(*n it I'ained they laicann* impa(i<*nt trf’ their eonruiemiuil, 
and eiuleav()n‘(l to make* tln‘ir e.seajie, which they did in the fulhtwiiig iiiitii- 
nta\ 'ria? wfdl of the ar<*a wa.M alautf. flvr feet in hf*ighl iiial plitM’ 
tentd a.nd white-wa.slu'd as smooth as the ciuling (»!' ii roiini ; upon 
this surface tin* frogs soon fomul that their <‘laws woulil n*ntler ifjein liirir 
or no assistance ; they tlnu'ehu'o contractmi (htnr large? feet iit» as to make 
a^hollow in tlie centre, and hy mi*anH of tin-? moisture which fliey had iim 
hihi‘d in {*onHec|U(*n(’e (jf the* rain, tliey contrivci! to pnaluco a tariitnii, so 
that by the pn*ssin'e t?f tint air on their eHtetnha! ft*et, (in the name u av tl'iat 
we .set* hoys fakt? up a .sfontt by ineaiw fif a piece? of wrt learlnT fesfeinal 
to a string) they iHfa*ialed tin* wall and minlt? their t‘n<'ape. I'lii-s liappeie 
ed cum.Htantly in tin* course of thns* years.”— Bhil. I'hl. p. I -10. 

Innunn‘rabli; crustacetiiis animaJ.s a<iin*re to rocks and bv tin* nintn* 

principh*. But it is not tin* smaller inliabitantH td’ either llic imtd or rlii‘ 
sea, as flies, soith trs, lait terliu'H. bc*<*H. sonn* of wliirli 
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ceeds a ton in weight, is furnished by the Creator with analogous apparatus 
in his hinder feet ; and thus climbs by atmospheric pressure, the glassy sur- 
faces of ice-bergs. How forcibly do these examples illustrate the intimate 
connection which subsists between the various departments of Natural Phi- 
losophy. A knowledge of one always furnishes a key (whether it be used or 
not) to open some of the mysteries of another. Thus a person who under- 
stands the principle by which water is raised in a simple pump, can by it ex- 
plain some of the most surprising facts in the natural history of animals; 
and solve problems respecting the motions and organs of motions of nu- 
merous tribes of animated beings, which two or three centuries ago, the 
most enlightened philosophers could not comprehend. And with a simple 
pump, he can moreover determine, as with a barometer, the measurement of 
all accessible heights, and with a degree of accuracy that, in some cases, 
is deemed preferable to geometrical demonstrations- 

When two substances are brought together, at some distance helow the 
surface of water, and so as to exclude it from between them, they are 
then pressed together with a force greater than when in the air, be- 
cause the weight of the perpendicular column of water over them is 
then added to that of the atmosphere. Numerous examples of this com- 
bined pressure are also to be found in the natural world. By it, various 
species of fish adhere to rocks and stones in the depths of the sea, from 
which they cannot be separated except .by tearing their bodies asunder. 
Some by means of it attach themselves to the bodies of others, and there- 
by traverse the ocean without any expense or exertion of their own, some- 
what like dishonest travelers, who elude the payment of their fare. There 
are several species of fishes known which have a sepai'ate organ of adhe 
sion, and there are doubtless many more which have not yet come under 
the observation of man. The most celebrated is the remora or sucking 
fish of Dampier and other navigators. It is, in size and shape, similar to 
a large whiting, except that the head is much flatter. “ From the head to 
the middle of its back, (observes Dampier) there groweth a sort of flesh of 
a hard gristly substance, like that of the lim/pet. This excrescence is of a 
flat oval form, about 7 or 8 inches long, and 5 or 6 broad, and rising about 
half an inch high. It is full of small ridges with which it will fasten itself 
to any thing that it meets with in the sea. When it is fair weather and 
but little wind, they will play about a ship, but in blustering weather, or 
when the ship sails quick, they commonly fasten themselves to the ship’s 
bottom, from whence neither the ship’s motion, though never so swift, nor 
the most tempestuous sea can remove them. They will likewise fasten 
themselves to any bigger fish, for they never swim fast themselves, if they 
meet with any thing to carry them. I have found them sticking to a shark 
after it was hal’d in on deck, though a shark is so strong and boisterous a 
fish, and throws about him so vehemently when caught, and for half an 
hour together, that did not the sucking fish stick at no ordinary rate, it 
must needs be cast off by so much violence.”^ They are familiar to most 
of our seamen. Other species have a circular organ of adhesion, consist- 
ing of numerous soft papillse, and placed on the thorax, instead of the 
top of the head, as in the remora. In some fish the ventral jins are united 
and are capable of adhesion. In the lamprey the mouth contracts and 


^Dampier’s Voyages, vi. edit, 1717, Vol. i, 64, and Vol. ii, part iii, p. 110. In the 
the plates of Vol. iii, is afigare of one. Figures of the excrescence or sucking part 
of the remora, and of the feet of the house-fly, may be seen in Dr. Brewster’s Letters 
on Natural Magic. 
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acts as a sucker j while that curious arunuil the cuttle fisli aecur(\s the vic- 
tims that fall into its fatal embraces by the suektu's on its arms. 

The prodigious pressure that, at great deptlis, unit<‘H these inhabitants of 
the sea to their prey, led man to employ them to hunt tin* sea. for his Inmelk 
as well as their own. Both the remora and lamnrt‘y trih<‘ i>et‘n used 
for tills purpose. Columbus when on the coast of 8t. Dtuningi) was i(rtni!ly 
surprised on beholding tlie Indians of that island fishing with them, ** They 
had a small fisli, the flat head of wliich \vas furnished with numerous suc’k- 
ers, by which it attached itself so firmly to any object as to ht^ torn in 
pieces rather than abandon its hold. Tying a long string to tiu^ tail, the In- 
dians permitted it to swlrn tit large : it generally kept near the surfnet? tiU 
it perceived its prey, when darting down swiftly it attaclual itstdf to the 
throat of a fish, or to the under sludl of a tortoise, when both wm*e <lrii\vn 
up by the fisherman.” Ferdinand Columbus .saw a shark caught in thi*i 
manner.^ 

The same mode of fishing was follow<*d at Zangueliar, on tliti mistern 
coast of Africa. The inhuhitants of tlu^ coast when fishing for turtle, 
“ take a living sucking fish or and fastening a coupli' of strings to it, 

(one at the head and the other at the tail) tiuy lt*t tlu^ Hucking fish down 
into the water on the turtle ground, among the half grown or young turtle; 
and when they find that the fish hath fastened himsi^lf to the fnick of a tur- 
tle, as he will soon do, they draw him and tlu* turtle up teg’etinu*. This 
way of fishing as I have lieard is also usiul at Ma<lugascar.”^ 

The nunora was well known to the anciimts. History haA pres(U’ved 
a FaJnilous account of their having thi^ power to h(o|> a. vessid under sail, 
by alfacliing themselves to Iw.v rudder. A Ibuuan ship beh>n*(ing to a 
fItnU., it is .Maid, was thus arresUal, wlnm .slu^ ** stooih' stil as if «he had lieu 
at a.nkt‘r, not stirring a whit out of luu' place.” Ther<» is another illustra- 
tion of tlu^ enortnous pressure that flslu'S midure at gn*at depths. The 
.small volume of air that is coutaiiied iu the hladth^r, atul by the eKpanstou 
and contraction of which they ascend and dt^sctmd, Is at tht^ bottom ofilie 
stia compriissed into a space many time.s smalh^r than wlum they swim 
niMir the surface. (At 33 feet from tlie surface it occupies hut <»ne luilf.) 
lienee, it frecjuently occurs that when such fish are siahlrnlii drawn up, 
(as the cod on th<i banks of Newfoundland) tli«‘ membrane hursr-i. in c-un- 
HtM[uence of the diminished presHur<% and the air rushing iiif»» tln^ abdomen, 
forces the intestines out of the mouth. From a similar ('uteir, bi«»od is 
forced out of the ears of divm's, wlum tlm b<dl that contains them is guiekly 
drawn up. This jnu^ssunj is also <‘vince<i in the liiet tluU the timlnu* <tf 
fouruhu'ed vessels luwau' rises, htuuuise, the. pores (siniphuely filled 

witli water by the pn*SHur<5 of the superim-umlnnu mieeg and the woml 
thtui becomes almost * luuivy as iron.’ 

T1h‘ pnsssure of the almosplnua* on ia/tads hi fs|ually obvious, Whoii 
a lmck<‘t or other V{*sH(d is sunk in water ami dieit raised in an invorrtsl 
pcKHirioii, the air Ixung <‘xclude<l from acting «m tin* siudhee ttf flir liouid 
within, still pressc’s on that without, so that the wafer is .Huspomlrd in tho 
vessed ; and if tin? under surface of tlie litjuid Cindti lie kept h-vrl and at 
rt‘st, water mlglit la* transported iu buckets thus turned up die d<»wii, in 
<?f!ectuaily as in tlie onlinary mode of maivi-ying it ’ 

Tin* mKperiraent with a gohh*t or tum!»h*r presents a very nea! illtintra- 
tioii. (.)ne of tln*s<‘ filled with water, and having a piece ef wriiui;* paper 
laid over it, and !n‘i«l clost^ till the vessel ht? invinie*!, wdl re|:im f|jeh,|iiid 

‘‘Irvmgd Oolmnbas, Vc»l. i, ‘27:!. Biuiipinr’s Vov-un-., Vul, u. y. pH. 
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within it. . In this experiment the paper merely preserves the liquid sur- 
face level : it remains perfectly free and loose ; and so far from being 
close to the edge of the glass, it may, while the latter is held iti a horizon- 
tal position, be withdrawn several lines from it without the water escaping; 
and it may be pierced full of small holes with the same effect. 

If an inverted vessel be filled with any material that excludes the air, 
and whose specific gravity is greater than that of water, when lowered 
into the latter, the contents will descend and be replaced by the water. 
A bottle filled with sand, shot, &c. and inverted in water, will have its 
contents exchanged for the latter. As these substances, however, do not 
perfectly fill the vessel, and of course do not exclude all the air, the 
experiment succeeds better when the vessel contains heavy liquids, as 
mercury, sulphuric acid, &c. It is said that negroes in the West Indies 
often insert the long neck of a bottle filled with water, into the bung-holes 
of rum puncheons, when the superior gravity of the water (in this case) 
descends, and is gradually replaced with the lighter Spirit. 

In the preceding examples and those in subsequent chapters, it will be 
found that wherever a vacuity or partial vacuum is formed, the adjacent 
air, by the pressure above, rushes in and drives before it the object that 
intervenes, until the void is filled. If the nozzle of a pair of bellows be 
closed, either by the finger or by a small valve opening outwards ; and a 
fthort pipe, the lower end of which is placed in 'water, be secured to the 
opening in the under board which is covered by the clapper ; then if the 
bellows be opened, the pressure of the atmosphere will drive the water 
up the pipe to fill the enlarged cavity, and by then closing the boards, 
the liquid will be expelled through the nozzle. Bellows thus arranged 
become sucking or, atmospheric, and forcing pumps. When the orifice of 
a syringe is inserted into a vessel of water and the piston drawn up, the 
air having no way to enter the vacuity thus formed than by the small 
orifice under the surface of the liq^uid, pz’esses the water before it into the 
body of the syringe. 

As every machine described in this book, and most of those in the next 
one, both proves and illustrates atmospheric pressure on liquids, we need 
not enlarge further upon it here. There are however some other parti- 
culars relating to it, which are necessary to be known : first, that its 
pressure is limited ; and secondly, that it varies in intensity at different 
parts of the earth, according to their elevation above tlie surface of the sea. 
These important facts are clearly established in the accounts given of the 
discovery of the air’s pressure, a sketch of which can scarcely be out of 
place here, since it was a pump that first drew the attention of modern 
philosophers to the subject, and which thereby became the proximate 
cause of a revolution in philosophical research, that will ever be consi- 
dered an epoch in the history of science. 
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C H AFTER II. 

Discovery of atmoHjilieric prcHsuro — CircuniHUinces which letl to “’Bcsiutiltii 

experiment of the latter— ControverHy retipcctinj^ the results— l*a»cal— his thnnonstrution ol the ci«us«e 
of the n.scout of water in jnunpfl— Invention of the lur-pump — Bnrometer tun! itw vurhnis ttppUciuioni*— 
Inten.sity of atmospheric pressure (Urtereut at dillerent parts of the earth— A knowleclKe of this necessary 
to j)uinp-inakers — The limits to which water may be rnisetl in atmospheric, pumps known to ancient 
pump-mukors. 

In the year l()4l, a jiiunp-inaker of Flerc^nce rnatlo im at»u)j4|>ht*ru% or 
what wa..s calltHl a .sucfcini^ whieJi tJXUMidtHl freui fh) r.t» 

GO feet above the water. When put in optn'ation, it was of course inca- 
pable oF raising any over or Xi fet^t. Supposing this to havts Iuhiu 
ocuaisioned by some thhect in tlie conatruetion, tlu' pump was eanditllv 
examined, and lioing Foimd perftuit, tht^ opm*atiou was r(*p(‘a.tt‘d, but witli 
the same results. After numtu'oua trials, tht^ superintmultmi of tiu' (Jnuul 
Duktfs water works, according to whost' directions it h;ul liooii rnadt', 
consulted (ralileo, wlio was a nativti of t.lui city, and tlum n‘Mi<lrd in it, 
J’rtwious to this occurnmet*, it was univ(*r,sally HUp[»oMe(l thai wator was 
raistal in pumps by an occult power iu naturt*, which resiMtcd with con* 
siderable fonu', all attempts to ma,k(‘. a void, but which, when om* was 
made, ustal the same foriuMo fill it, by urging the next adjoining .subHtanc»% 
if a fluid, into the vacant spatax Thus in pumps, when the air was with- 
drawn from their upper part by tln^ ^surfevr^ natun*, being thus violatetl, 
instantly forced water up tlu^ pipes. No idea was entmiainiHi by philo- 
sophm's at this or any prm:eding period, that wt! know tif, that this force 
was lumtetl ; that it would not as readily force waim' up a. pm^peiidlindar 
tub(\ from which tlie air was withdrawn, lOi) f(‘et high as well u?» 20— lo 
the top of a, high building as wcdl as to that of a low one. 

Whmi tlie c.ircum.staniasH attending tin* trial <ir tlie pumji at l‘’Ii»rem‘i« 
were placed ladbre (ialil<*o, (his attention having probably nevrr fii'fore 
betm so cJosidy directml to tlu^ snljeci) he <’ouhl i»nly roply, that nature's 
abhornmc<> to a vacaium was Hmlu‘d,antl that it ** cea.sod to opiu'ate above 
tlui lufight of 02 fc<‘t-” '‘Fliis opinion given at tin' moment, if is believed 
was not satisfactory to him.sidf; ami his attention having now betm riitised, 
th(*re call be no <|oubt that hc' wouhl have tiistaivered the real cauHif, Imd 
he lived, especially as he wa.s thmi awais' that the atmospheri' tlid exert it 
(hhiuiti* pnrsstini on objei'ts on thi^ surface of tlnMOirtb. lint Jif tliaf pi*ri»*«i 
this illusirious man was totally blind, msu’Iy ^0 ytmvH of age, and wiflan a 
few months (»f his ilmith. d’he <liHcovcry is however, in soim* nir;r»iire, 
due to him. It lias also b<*en supposed that he conuitunicafeil hm idriiw 
on the subj<*et to 'Porric’eUi, who lived in his family ami luird att Ini 
amanuensis during the last tliree months of his life. 

It was in IGIO that 'rm'rh’olll announce*! tin* *n*car tlricov'ery that wafer 
was raistsf in pumps by the pre'-;sun* of the air. dliis !«* r-Uablr.hed l*V- 
very satisfactory expm'itnents. O’ln* ap|»aratUH in hi i fir-.r tnir, wa-i 
in imitation of tin* Florentine pump. Hr prot-urod a lube r»fi leel lung, 
and securtsl it iu a oeriiendanihir iioHitlon, u itli its han^r end in writer t 
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ascend liiglier.' He then reduced the length of the pipe to 40 feet, without 
any better success. It now occurred to him, that if it really was the 
atmosphere which supported this column of water in the pipe, then, if he 
employed some other liquid, the specific gravity of which, compared with 
that of water, was knoion, a column of such liquid would be sustained in 
the tube, of a length p'opoitioned to its gravity. This beautiful thought 
he soon submitted to the test of experiment, and by a very neat and simple, 
apparatus. 

Quicksilver being 14 times heavier than water, he selected it as the 
most suitable, since the apparatus would be more manageable ; and from 
the small dimensions of the requisite tube, a syringe to exhaust the air 
could be dispensed with. He therefore took a glass tube about four feet 
long, sealed at one end and open at the other- This he completely filled 
with quicksilver, which of course expelled the air ; then placing his finger 
on the open end, he inverted the tube, and introduced the open end below 
the surface of a quantity of mercury in an open vessel ; then moving the 
tube into a vertical position, he withdrew his finger, when part of the 
mercury descended into the basin, leaving a vacuum in the upper part of 
the tube, while the rest was supported in it at the height of about 28 
inches, as he had suspected, being one-fourteenth of the height of the 
aqueous column. This simple and truly ingenious experiment was fre- 
quently varied and repeated, but always with the same result, and must 
have imparted to Torricelli the most exquisite gratification.*^ 

Accounts of Torricelli’s experiments were soon spread throughout Eu- 
rope, and every where caused an unparalleled excitement among philoso- 
phers. This was natural, for his discovery prostrated the long cherished 
hypothesis of nature’s abhorence of a vacuum; and at the same time, opened 
unexplored regions to scientific research. It met however with much 
opposition, particularly from the Jesuits ; in many of whom it is said to 
have excited a degree of ‘ horror’ similar to that experienced by them on 
the publication of Galileo’s dialogues on the Ptolemaic and Copernican 
systems. They and others resisted the new doctrine with great perse- 
verance, and even endeavored to reconcile the results of the experiments 
with the fuga vacui they so long had cherished. It was ingeniously con- 
tended that the experiment with quicksilver no more proved that the force 
which sustained it in the tube was the pressure of the atmosphere, than the 
column of water did in the first experiment ; allowing this, it proved that 
this force, whatever it was, varied in its effects on different liquids, accord- 
ing to their specific gravity ; a fact previously unknown, and apparently 
inconsistent with nature’s antipathy to a void, which might be supposed to 
produce the same effects on all fluids — to have as great an abhorence to 
mere ary as to water. 

During the discussion great expectations were entertained by the advo- 
cates of the new doctrine from Torricelli ; but unfortunately, this philoso- 
pher died suddenly in the midst of his pursuits and in the very vigor of 
manhood, viz. in his 39th year. This took place in 1647. The subject 
was however too interesting, and too important in its consequences, to be 
lost sight of. He had opened a new path into the fields of science, and 
philosophers in every part of Europe had rushed into it with too much 
ardor to be stopped by his decease. Among the most eminent of those 


^ The apparahis employed in these experiments was not original with Torricelli. 
The air thermometer of C. Drebble, the famous alchemist, who died in 1634, was of the 
same construction, except that the upper end of the inverted tube was swelled into a 
bulb. It is frequently figured in Fludd’s works. 
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was Pascal, a French mathematician and divine. In 1646 he undertook 
to verify the experiments of Torricelli, and still further to vary them. 
He used tubes of glass forty feet long, having one end closed to avoid 
the use of a syringe. He fiUed one with wine and another with water, and 
inverted them into basins containing the same liquids, after the manner of 
Torricelli’s mercurial experiment. As the specific gravity of these liquids 
was not the same, he anticipated a difference in the length of the two 
lumns ; and such was the fact. The water remained suspended at the 
height of thirty-one feet one inch and four lines ; while the lighter wine 
stood at thirty-three feet three inches'. Pascal was attacked with great 
virulence by Father Noel, a Parisian Jesuit, who resisted the new doctrine 
with infuriate zeal, as if it also was heresy, like Galileo^s doctrine of the 
earth’s motion round the sun. 

After making several experiments, one at length occured to Pascal, 
which he foresaw would, if successful, effectually silence all objectors. 
He reasoned thus : If it is really the weight or pressure of the atmosphere, 
that sustains water in pumps, and mercury in the tube, then, the intensity 
of this pressure will be less on the top of a mountain than at its foot, be- 
cause there is a less portion of air over its summit than over its base ; if 
therefore a column of mercury is sustained at 28 or any other number of 
inches at the base of a very high mountain, this column ought to diminish 
gradually as the tube is carried up to the top ; whereas, if the atmosphere 
has no connection with the ascent of liquids, (as contended) then the mer- 
cury will remain the same at all elevations, at the base as at the summit. 
Being at Paris, he addressed a letter to his brother-in-law, M. Perrier, 
(in 1647) from which the following is an extract : “ I have thouglit of an 
experiment, which, if it can be executed with accuracy, will alone be suf- 
ficient to elucidate this subject. It is to repeat the Torricellian experi- 
ment several times in the same day, with the same tube, and the 
same mercury ; sometimes at the foot, sometimes at the summit of 
a mountain five or six hundred fathoms in height. By this means 
we shall ascertain whether the mercury in the tube will be at the 
same or a different height at each of these stations. You perceive with- 
out doubt that this experiment is decisive ; for if the column of mercury 
be lower at the top of the hill than at the. base, as I think it will, it clear- 
ly shows that the pressure of the air is the sole cause of the suspension 
of the mercury in the tube, and not the horror of a vacuum ; as it is evi- 
dent there is a longer column of air at the bottom of the hill than at the 
top ; but it would be absurd to suppose that nature abhors a vacuum 
more at the base than at the summit of a hill. F or if the suspension of 
the mercury in the tube is owing to the pressure of the air, it is plain it 
must be equal to a column of air, whose diameter is the same with 
that of the mercurial column, and whose height is equal to that of the 
atmosphere, from the surface of the mercury in the basin. Now the liase 
remaining the same, it is evident the pressure will be in proportion to the 
height of the column, and that the higher the column of air is, the longer 
will be the column of mercury that will be sustained.” This eor^H^rimm- 
tum cnceisj was made on the 19th September, 1648, the year after Torri- 
celli’s death, on the Puy de Dome, near Clermont, the highest mountain in 
France ; and the result was just as Pascal had anticipated. Tlie mercury 
fell in the tube as M. Perrier ascended wfith it up the mountain, and when 
he reached the summit it was three inches lower than when at the liase. 
The experiment was repeated on different sides of the mountain, and 
continued by Perrier till 1651, but always with the same results. Pas- 
cal made others on the top of some of the steeples in Paris ; and all 
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proved tke same important truth, viz. that the ^pressure of the atmosphere 
was that mysterious power, which under the name of nature’s abhorrence 
to a vacuum had so long eluded the researches of philosophers. The sub- 
ject was taken up in England by Boyle, who pursued it with unremitted 
ardor, and whose labors have immortalized his name ; but it was G-ermany 
that bore off the most valuable of the prizes which the discovery offered 
to philosophers. The Torricellian experiment gave rise to the Aiii pump ; 
and in 1654, a Prussian philosopher, a mathematician and a magistrate, 
Otto Guerricke, of Magdeburgh, made public experiments with it at Ratis- 
bon, before the emperor of Germany and several electors. Some authors 
ascribe the invention of the pump to Candido del Buono, one of the mem- 
bers of the Academic del Cimento at Florence, and intimate that the first 
essays with it were only made by Guerricke. 

The apparatus of Torricelli, i. e. the glass tube and basin of mercury, 
was named a baroscope, and afterwards a barometer, because it 7neasured 
the pressure of the atmosphere at all elevations ; hence to it, engineers 
in all parts of the eai'th may have recourse, to determine the perpendicular 
length of the pipes of atmospheric pumps. 

Another application of the barometer was the natural result of Pcrricr^s 
first experiment on the Puy de Dome. As he ascended that mountain 
with it, the mercury kept falling in exact proportion to the elevation to 
which the instrument was carried; hence it is obvious, that when the 
tube is properly graduated, it will measure the height of mountains, and 
all other elevations to which it can be carried. By it, aeronauts deter- 
mine the height to which they ascend in balloons. The observations of 
Perrier were continued daily from 1649 to 1651, during which he per- 
ceived that the height of the column slightly varied with tlie temperature, 
wind, rain, and other circumstances of the atmosphere ; and hence the 
instrument indicated cJianges of weather^ and became known and is still 
used as a “ •weather glassr The extent of these variations is about 
three inches, generally ranging from twenty-eight to thirty-one, and are 
principally confined to the tc‘mperate zones. In tropical regions, the 
pressure is nearly uniform, the mercury standing at about tliirty inches 
throughout the year. These facts have an important hearing on our sub- 
ject ; for an atmospheric pump or siphon, with a pcrptmtlicular pi|)e thirty- 
four or thirty-five feet long, might operate during certain states (jf the at- 
mosphere, while in others it could not ; and in some parts of the earth it 
would be altogether useless. 

It will appear in the sequel, that the physical properties of the atmos- 
phere which we have enumerated, must necessarily be understood, in 
order perfectly to comprehend the action of the machines we have to de- 
scribe. As regards the aerial pressure, its limits and variation at different 
altitudes, wo need only remark, that a sucking jnirnp or a siplion, which 
raises water thirty-three feet in New-York and Ihienos Ayres, Ijondori 
and Calcutta, St. Petersburgh and Port Jackson in Nenv Holland, could 
not, in the city of Mexico, elevate it over twenty-tAvo feet ; and at Quito, 
and Santa Fe de Bogota in South America, and Gotular the capital of 
Abyssinia twenty feet, on account of the great elevation of these cities ; 
(from the same cause, the pressure of the atmosphere on Mont Ihanc is 
only about half that on the plains) and if Conda.miru} and Humboldt, 
when on the summit of Pinchincha, had applied one to raisti wat(‘r there, or 
on the side of Antisana, at the spot wdiere, from the great rarity or tenuity 
of the air, the face of the latter philosopher was streaming with blood, hit 
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to fourteen inches seven lines,) while on the hi^iie.st rul<(e oi the Ilinia- 
layas, it would scarcely raise it eight often feet. WitluMit, a kuowhuige 
of aerial pressure, it is ohvioiis, that engineers who visit Mexico, and the 
upper regions of Soutli America, <!fec. might get into a t|ua,ndury greatly 
more perplexing than that in which the Florentine was, wlum lu! applied 
to Galileo : but we believe the period has nearly gt)ne by, lor nunhianies 
to remain ignorant of those principles of science, upon which their pndes- 
sions are based. 

It perhaps may be asked, Were the limits to whicli wattu’cau lit‘ niistni 
by the atmosphere not known before Galileo’s tinui I UiuhnibltHliy tlu^y 
were. Pump makers must always have been acquainte<l with them; al- 
though philosophers might not liavo noticed the fact or paid any attenticm 
to the subject. Why then did the Italian artists make such a one as that 
to which we have ndiuTtal ? fSlmpIy hocaust? t;h<;y vvnuaj (.ualered to dii 
so, as any mechanic wumld now do under similar circtimstancuxs : iit the 
same time they declarcul that it would not raise tin? w'aU?r, although they 
could not assign any rea.son for the assertion. It was imhnal impossible 
for ancient pump makers to hav<? rtmuuiu?d ignorant of tin? extent to which 
their machines were applicable. A manufacturi?!* of them would naturally 
extend their application, as occasions t>ceurn?d, to wells of (?very deptii, 
until he became familiar with tin? fact that tin? powm* which caused tin' 
water to ascend, was limit<?(l — and until he^ detected tin* limits. Atfi‘r 
using a pump with sintcess, to rals(? water t\v«*ntydive or thu ty feet, 
when he came to apply it to wi‘ils of forty tu* iilVy feet ij» liepih witlnuit 
leugtln?uiug the eyliiid(*r, In? \vt>uld necessarily h*aru the important, ami 
to him mysterious fact, that, tin? liiniiH u ert‘ tinm (*xreede<i : ami after 
probably going through similar t?.\uiiiituitious and ctumuhatiouH* aa fho«e 
whicli took phn?(? at. Floretnn? lu tin? 1 7th ciuitury, the tmvaryiiig reiiuk 
would I)ecome so hrmly <*H(ablmhetl, that 4.?very worktiuin wtmld h*urn it 
traditionally, as an eHH(?ntlal part of his pndessitju : and If in succemling 
ages, the knowledge of it lH?came Itmt, the e?cperii?nce of i?very individual 
pump maker must have soon taught him the Harm? truth. Attempts then 
similar to those? of the Florentine engiiu?er (tceurred fretpiently b«*fore, but 
leading to no important result, the particulars of tluuu have in»t ln*eii pre- 
served ; nor i.s it probable tliattho.se n?lating to tin? Italian expi‘rijnenl; 
would have been, had nt)t tin? fatln?r of uuHlern philijsst^phy been coumiUetl, 
and liad not hb pupil Torricelli taken up tin? subject. 


CHAPTER ni. 

Andnnt Exprrimrntfl on nir— Vnrio«!» njipUrutidii# t»f a.-.Hijth«us nwt in Eiffpt Vnmm^m 

Kxpnrimtiuta with invortn*} in %v»u<‘r-.S«f4jH-uj*nm ut Uqunt* in itunu.plt.-rjf »|.f mfe , 

ling pot— Wttt.'ring Cttirilrn.j with n-IVotmhly rHorriul to hy Ht. I*n«l mid nlmt hy 

sprinkling iumI n wow lastor tVum Compoti— RoUjfttm!* usi^is of upriukhog pot* thn 

houtlmn— Figurnortnir from of T«litu'i»ry> uifr »o u 

yd und yxplniuod—Modrrn litptor Isoaor imd <troppt{ig ttittys- ''iVirk p»*fioiriiir>d 

by tt Chiiutio jugglc^r Vwt<iu» iVnuda ui' tho tinciouis with l»«tuob tin jorny rups. 

Notwithstanding tlie aliedgrd igintratice ttf tin* nncit*nfn rrapecfiiPt 
physical pro|n*rii(?H td the attmtsphnre, thrre art* t-n r**|iil*?d in 
history wlucli seem to mdicute tin*. ri*vt*rse ; <»r \\ lech, ai imv rale, ‘ibiiw 
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that air was a frequent subject of investigation witb their philosophers, 
and that its influence in some natural phenomena was well understood 
Thus Diogenes of Apollonia, the disciple and successor of Anaximenes, 
reasoned on its condensation and rar faction. According to Aristotle, Em- 
pedocles accounted for respiration in animals by the weight of the air, 
which said he, “ by its pressure insinuates itself with force into the lungs.’' 
Plutarch expresses in the very same terms, the sentiments of Asclepiades, 
representing him among other things as saying that the external air, ‘‘ 
its weight, opened its way with force into the breast.” Lucretius, in ex- 
plaining the property of the loadstone in drawing iron, observed that ii 
repelled the intervening air betwixt itself and the iron, thus forming i 
vacuum, when the iron is fushed on hy the air behind itP Plutarcl 
was of the same opinion.* Vitruvius speaks of the pressure of air. Arch 
book viii, cap. 3. When Flaminius, during the celebration of the Isthmi 
an games, proclaimed liberty to the Greeks, the shout which the people 
gave in the transport of their joy was so great, that some crows, which hap 
pened to be then flying over their heads, fell down into the theatre. Plu 
tarch among other explanations of the phenomenon, suggests, that the 
sound of so many voices being violently strong, the parts of the air were 
separated by it, and a void left which afforded the birds no support.”^ 
But if the ancients did not detect or comprehend the direct pressure ol 
the atmosphere, they were not ignorant of its effects, or of the means o 
exciting it. They in fact employed air in many of their devices as success 
fully as the moderns. They compressed it in air guns, and weighed it ii 
bladders ; its elasticity produced continuous jets in their fountains am 
force pumps, in the same manner as in ours ; by its pressure, they raise( 
water in syringes and pumps, and transferred it through siphons, precise!; 
as we do ; they excluded its pressure from the upper surface of wate 
in their sprinkling pots, and admitted it to empty them, as in the itioder 
liquor merchant’s taster. That they had condensing air pumps is evider 
from the wind guns o^ Ctesibius, as well as others described by Vitruvius 
b. X, cap. 13 ; and it is probable that they employed air in numerous othe 
machines and for other purposes, but of which, from the loss of thei 
writings, no account has been preserved. See Vitruvius, book x, cap. 1 
where some are referred to, and Pliny Nat. Hist, book xix, cap. 4. 

It would be in vain to attempt to discover the origin of devices fo 
raising liquids by the pressure of the atmosphere, for it would require 
knowledge of man and of the state of the arts, in those remote ages o 
which no record is extant. That machines for the purpose were mad 
long before the commencement of history is certain, for recent disco\ 
eries have brought to light the highly interesting fact, that siphons wer 
known in Egypt 1450 years before our era, i. e. 3290 years ago 1 A 
which period too they seem to have been in more common use in th? 
country, than they are at this day with us. [See Book V, for an accoui 
of these instruments.] 

The retention of water vo inverted vessels while air is excluded froi 
them, could not have escaped observation in the rudest ages. Long ei 
natural phenomena had awakened curiosity in the human mind, or rouse 
the spirit of philosophical inquiry and research, it must have been notice( 
When a person immerses a bucket in a reservoir and raises it in an ii 
verted position, he soon becomes sensible that it is not the weight of tl 
vessel merely which he has to overcome, but also that of the water withi 


193 


Chap. 3.J Sjprinkling Pot, 

It; and not till the mouth emerges into air do the contents rush out and 
leave the bucket alone in his hands. This is one of those circumstances 
that has occurred more or less frequently to most persons in every age. It 
would be absurd to suppose that the groups of oriental females who, 
from the remotest times, have assembled twice a day to visit the fountains 
or rivers for water, did not often perform the experiment, both incidentally 
and by design. They could not in fact plunge their water pots (which were 
often without handles) into the gushing fount without occasionally repeating 
it ; nor could Andromache and her maids fill buckets to water the horses 
of Hector, and daily charge pitchers in the stream for domestic uses, with- 
out being sometimes diverted by it. But the phenomenon thus exhibited 
was not confined to such occasions; on the contrary, it constantly occurred 
in every dwelling. An ancient domestic like a modern house-maid, could 
hardly wash a cup or rinse a goblet by immersion, without encountering it. 
Besides the vessels named, there were others that formed part of the or- 
dinary kitchen furniture of the ancients, (see figures of some on page 16) 
the daily use of which would vary and illustrate it. These were long 
necked and narrow mouthed vases and bottles, that retained liquids when 
inverted like some of our vials. Others were still further contracted in 
the mouth, as the Ampulla, which gave out its contents only by drops. 
To the ordinary use of these vessels and to incidental experiments made 
with them, may be traced the origin of our fountain lamps and inkstands, 
bird fountains, and other similar applications of the same principle. 

The suspension of a liquid in inverted vessels by the atmosphere, was 
therefore well known to the early inhabitants of the world, whether 
they understood the reason of its suspension or not; and when in subse- 
quent times philosophers began to search into causes and efiPects, the phe- 
nomenon was well calculated to excite their attention, and to lead them to 
inquiries respecting air and a vacuum it is probable that it did so, for the 
earliest experiments on these subjects, of whidh wfe have any accounts, 
were similar to those domestic manipulations to which we have alluded, 
and the principal instrument employed was simply a modification of a gob- 
let inverted in water. This was the atmospheric ^ sprinkling pot, ^ ot 
‘ watering siphon,* which is so often referred to by the old philosophers, 
in their disputes on z^plemfum and a vacuum. It has long been obsolete, 
and not having been noticed by modern authors, few general readers are 
aware that such an instrument was ever in use, much less that it formed 
part of the philosophical apparatus of the ancient world. 

The interesting associations connected with it and its modifications en- 
title it to a place here. Indeed were there no other reason for attempting 
to preserve it a little longer from oblivion, than that indicated at the close- 
of the last paragraph, we should not feel, justified in passing it by. It is 
moreover, for aught that is known to the contrary, the earliest instrument 
employed in hydro-pneumatical researches. Its general form and uses 
maybe gathered from the remarks of Athenagoras respecting it. This 
philosopher, who flourished in the fifth century, B. C. made use of it to 
illustrate his views of a vacuum. This instrument (says he) which is 
acuminated or pointed towards the top, and made of clay or any other 
material, (and used as it often has, for the watering of gardens) is, in the 
bottom very large and plain [flat] but full of small holes like a sieve, but 
at the top has only one large hole.*** When it was plunged in water, the 
liquid entered through the numerous holes in its bottom ; after which 
the single opening at top was closed by the finger to, exclude the air;' the 


As quoted by Switzer from Bockler, Hyd. 167. 
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vessel and its contents were then raised, and tke latter discharged at 
pleasure by removing the finger. 

As this was the ancient garden pot of the Greeks, Pliny probably re- 
fers to it when he speaks of ‘ sprinkling’ water, oil, vinegar, &:c.on plants 
and roots.® It appears to have been continued in use for such purposes 
in Europe, through the middle ages ; and to a limited extent up to the 17th 
and 18th centuries^ Figures of it are, however, rarely to be met with^ 
for it seems to have been nearly forgotten when the discovery of Torri- 
celli revived the old discussions on a vacuum; and though Boyle and others 
then occasionally referred to it, few, we believe, gave its figure Mont- 
faucon speaks of examining an ancient * watering stick,’ and also a 
^sprinkling pot,’ but unfortunately he has not described either.*^ Of 
a great number of old philosophical works that 
we have examined for the purpose of obtaining a 
figure, we met with it only in Fludd’s works. The 
annexed cut is from his De Nature? Simia seu Tech- 
nica macrocosmi historia.’ Oppenheim, 1618, p. 473. 
The mode of using it is too obvious to require expla- 
nation. It was pushed into water in the position re- 
presented ; the liquid entered through the openings 
in the bottom, driving the air out of the small orifice 
at the top; and when it was filled, the person using 
it placed his finger or thumb on the orifice and then 
moved the vessel over the plants, &c. he wished to 
water ; discharging the contents by raising the finger. 

No. 69. Ancient Watering Pot. * * 

The application of this instrument as a ‘ garden pot’ may sometimes be 
found portrayed in devices, rebuses, vignettes, &c. of old printers. In 
the title page of Godwin’s Annals of Henry VIII, Edward VI, and 
Mary, (a thin latin folio published in 1616) it is represented. No. 70 is a 
copy. There is a similar engraving on the title page of a volume on 
farming, &c. entitled ^Maison Rustique,’ translated from the French, and 
published in London by John Tslip, the same year. 



No^ 70, Watering plants with the Atmospheric Sprinkling Pot. 

Independently of the sprinkling pot, the cut is interesting as exhibiting 
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the ancient mode of transplanting. It appears that two men were gener- 
ally employed in the operation ; -one to set the trees or plants, and another 
to water them; a custorn to which St. Paul alludes in 1 Cor. iii, 6 — S. 
Sometimes " he that watered’ used two pots at the same time, holding one 
in each hand. As these vessels were not wholly disused in Shakespeare’s 
time, it is probable, that to them he refers in Lear : 

Why, this would make a man, a man of salt, [tears] 

To use his eyes for garden water pots. Act 4, Scene G. 

Modifications of them were adapted to various purposes by the ancients. 
They were used to drop water on floors in order to lay the dust, in both 
Greek and Roman houses. Their general form was that of a pitcher or 
vase, and their dimensions varied with their uses. Some of the small- 
est had but a single hole in the bottom. They formed part of the ordin- 
ary culinary apparatus, and were also used in religious services. Among 
the antiquities disinterred at' Pompeii, some have been found. No. 71 
represents one : it is of glass, the upper part of the tube or neck is want- 
ing, having' been broken off. Perhaps this part resembled the form indi- 
cated by the dotted lines which we have added. 

^ No. 72, also of glass, 
has been pronounced ‘ a 
wine-taster, the air hav- 
ing been exhausted by 
sucking at the small end.’ 
It is more likely that the 
wide part was inserted in- 
to wine jars or amphorae, 
and the cavity filled with 
that liquid precisely as in 
the sprinkling pot, and 
samples then withdrawn 
by closing the small ori- 
fice with the finger as in the modern instrument, which is shewn at No 
76, and as in the dropping tube, one form of which is figured at No. 77. 
The general form of No. 72 assimilates it to those drinking vessels of the 
ancients, which they held at a distance in front, and directed the stream 
issuing from the small end of tlie vessel into the mouth; a mode still 
practised in some parts of the Mediterranean, and by the natives of Ceylon, 
Sumatra, Malabar, &c. 

One of the most singular facts connected with the religious institutions 
of the ancient heathen, was the extent to which they carried the practice 
of sprinkling : almost every thing was thus purified ; men, animals, trCes, 
water, houses, food, clothing, carriages, &c. In performing the ceremony 
various impL meiits were used to disperse the sacred liquid. ' A wiB*p 
made of horse hair attached to a handle was common. A branch from 
certain trees, and sometimes a small broom, were used ; in other cases 
perforated vessels were employed. Thus the Braminsin some ceremonies 
take a vessel of water, and after presenting it to the gods, they sprinkle 
the liquid with manguier leaves, on carriages, animals, &c. in' othci's it is 
“sprinkled through a cullender with a hundred holes on the head of 
the father, mother and child.”* The priests of the ancient Scandinavians 
also used a vessel prepared like a watering pot, with which they 
sprinkled the altars, the pedestals of their gods, and also the men.”^ The 

^ Sonnenit’s Voyages. Vol. i, 134 and Vol. ii, 97. ^ Snorro’s History of Scandinavia 
The chapter upon sacrifices is translated in Anderson’s ‘ Bee,’ vol. xvi, p. 20, Ed in 
burgh, 1793. 
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No, 71. Sprinkler and Wino-taster both jfVom Pompeii. 



196 


^Tinkling Vessel Jrovfi ^ontfaucon^ [Book II, 

Jewish priests commonly used a branch of hyssop, but occasionally a 
piece of wool, and sometimes the fingers. The priest shall dip his finger 
in the oil and sprinkle it.’’ The Greeks and Bomans had not only founts 
or vases of holy water in their temples for the use of worshippers, who 
dipped their fingers into them, as Boman catholics and others do at this 
day ; but on particular occasions, priests or officers attended to purify the 
people by sprinkling. Thus, when the Emperor Julian visited the temple 
at Antioch, the Neocori stood on each side of the doorway to purify with 
lustral water all who entered. Valentinian, who was afterwards raised to 
the empire, was then captain of Julian’s guard, and as such walked in 
fronts He was then a Christian, and some of the wa"ter having been 
thrown upon him, he turned and struck the priest, saying, that the water 
rather polluted than purified ,* at which the emperor was so enraged that 
he immediately banished him. 

Now whether the fingers or light brooms, &c. were used on such occa- 
sions we do not know \ but there were others at which the former cer- 
tainly were not. When the emj^erors dined, not only their persons and 
table furniture, but XkiQfoodj also was purified with lustral water. At the 
feast of Daphne near ' Antioch, wffiich lasted seven days, we learn that 
a neochorus stood by the emperor’s seat, and sprinkled the dishes and 
meats ‘ as usual.’ How was this water dispersed \ Certainly not by the 
fingers ; nor is it likely that a wisp or a broom was employed, since it 
would be difficult to direct the small shower with sufficient precision on the 
smaller objects. We have made these remarks for the purpose of intro- 
ducing the figure of an ancient sprinkling ves- 
sel, from the third volume of Montfaucon’s 
Antiquities. It was supposed by him to have 
belonged to the table or kitchen, but its spe- 
cific use he could not conjecture. It is evi- 
dently a modification of the atmospheric gar- 
den pot, and it appears admirably adapted for 
No. 73. Roman SprinkUng Vase, dispersing liquid perfumes or lustral water at 
the table. The ring is adapted to receive the 
forefinger, while the thumb tiould close the small orifice, and thus the con- 
tents might be retained or discharged at pleasure. 

Among other heathen customs that were long retained in the Christian 
church, was this practice of sprinkling. Peter Martyr exclaims against a 
certain class, ‘‘ who not only consecrate temples themselves, but also^ altars 
and coverings to the altars 3 T meane the table clothes and napkins, and 
also the chalices and patins, the massing garmentes, the churchyardes, the 
waxe candles, the frankincense, the pascal lambe, eggs, and also holie wa- 
ter; the boughes of their palm trees, yong springes, grass, pot-hearbes, 
and finally all kinds of fruites.” “ They doe sprinlde houses, deade bodies, 
churchyardes, eggs, flesh, pothearbes, and garmentes.”® 

Of all the transactions connected with heathen theology, few ever 
made a greater noise in ancient Borne than one that is connected with this 
part of our subject; viz. the miracle by which Tutia the vestal saved her 
life. It was a religious custom among all the nations of old, to keep sa- 
cred fire in ihe temples of their deities. In some, lamps were kept burning, 
in others fuel kindled on the altars. In the temples of Jupiter- Am- 
mon, Apollo, Minerva, and some other deities were lamps constantly 
burning. The Israelites were to cause the lamps to burn continually,” 
besides which, “ the fire shall ever be burning upon the altar : it shall 
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never go out/* Levit. vi, 13. Tho practice is still kept up by tiio Jaws 
and also by Roman catholics. The origin ol tho custom is unknown; l)ut 
the Jews, Persians, Greeks, &:c. are generally supposed to havtuieriv(Hl it 
from the Egyptians. Upon the consecration of a teinplt% tins * holy fire’ 
was not obtained from ordinary sources, i. c. from otlun* firoH, hut was pro- 
duced by the rubbing of two sticks together; or, according to^ Plutarch, 
was drawn directly from the sun. it happen (he ohservtts iii iiis I /do 

of Numa) by any accident to be put out, as the sacred lamp is i^aid to 
have been at Athens, under the tyranny of Aristion* — at Delphi, when 
the temple was burned by the Medcs- — and at Rome in the Mithridati<*, m 
also in the civil war, when not only the fire was ejttinguisluHl hut the 
altar itself overturned — it is not to he lighted again from anoilter fire, hut 
new fire is to be gained by drawing a })nre and mtp^^^hiUHl fiatne from 
the beams of the sun. This is tlone. generally with concave vessels of 
brass.** 

Among the Romans a certain num])er of virgin.^ wtua* cotiseerated with 
solemn ceremonies to the Goddess Ve.sta. \vtn*e ruumnl venfiil.i, 

and it was their peculiar duty to takis charg<^ of tlu^ sacred fire. Tln»;/ 
were greatly honored for their purity and tlus importaiua^ of their office. 

What is there in Rome, (exclaimed Tih<‘rluH (iracchus in his addri’Ms ti» 
the people) so sacred and venerable as Uu* vt‘stal virgins who luu'p the 
perpetual fire 'f* The most valuahh*. and Haconl d(*pesltcs were (»frrn 

placed in their hands for security. d'ho wills of rich ibitmms \^e^^, 

sometimes comrnitUul to tluMr cans hcncc we rcatl id’ AtutuUiis 

farcing from tluuu that of Antony, while the latter was in Egypt, d'hfi 

vestals enjoycHl many prlvih^ges; among others, wlum tht*y went abroad, 
the fasces ((unhhnns of authority) wtwt^ carried hy a lictor hefure them ; 
and it was death for any om^ to go under lln^ litter or chair in which thi*y 
were carried ; and if tht?y m<*i a criminal going to execution, hk life wa^ 
spared. Tlui vestal dutighter of Appius (Jlauditw prottmfetl Idm from 
heing arrested by the Tribunes. On the otlier hand, tlu*y w<*re puniHlte<l 
with extreme rigor if found to have broken any of ilu*ir vows, To pe^ 
mit the perpetual or holy fire to go out was an unpardonuhie act, fi»r it 
was behoved to betoken somo national calatnity, iiml if mie vvai fauHl 
guilty of unchastity she was Imried alive. The criminfil {my:i I'iumrch) 
is carried to punishment through tlu^ forum In a Htter, well ciUrred with 
out, and hound up in such a manner that hm' erles ciumi’t he hf^iird. The 
people silently make way fur the litter and fellow it with mark^ of 
treme sorrow and d(‘jecuon. There la no sjiectacle mere dreadful tliiiii 
this, nor any day which tins city spends in a more meliincholy iniiniier. 
When tli<‘ litter (!oin<‘Hto the place appointed the oflicern lotgie the cerds, 
the high priiiHt with hands llfteil up towards heaven tjffers tiottie priviif<’» 
prayers just before flui fatal nihiute; tlum takes mit the tiriHoner, wiiu in 
covered with a V(‘il, aial place.s Iu.t upon ilie sti'pii wlticJi lend th»wn 
the ctdl, [grav(‘;] aft(‘rthiH he rtuire.s with the rt'st of the priestn, and when 
she is gone down, tlu‘ st<»ps an^ t.ak<m away and the cell In envered with 
earth, so tluit the I'jlaci* Is made hivel with thy rest of tht^ moimt/^ j Lifii 
of Numa, l.a.ngherm‘*s Tnuis.] 

1 utia, who was ac('nHe«I cd incoiitInenc<% iti orih*r to aveid linrrid pen 
»dty, pasHioiiatidy calhsl, t»r aflectiul Hf» to call, upt>n the e**ddeii \ k«i‘a, 
to estahlish /u/ a mirarfr her innocence. hbj;dd«* utr pdit* cried I l»» fnkcf 
a SIEVE full of wat<*r froni the Tyber, and to ('any ir fill f.» fhy femphu** 
Upon this appeal Inu’ trial was stayed, and it wa-i. h-tf f,» fj|t» tleiiv 
had invoked, to sav<^ In^r or not; forktieh a pn-.4* m!' the fd-nditteil f»f tier 
accusers Ctmld nut, if it sliould take pl^j.-e, Im* r--- Ird, lln* rr^-cill 
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Tutia carrying Water %n a Sieve, 


was, ske succeeded in carrying tke water, and thereby not only saved her 
life, but greatly increased her reputation for sanctity. From the imper< 
feet accounts of the transaction that have reached 



No. 74. Tutia carrying Wa- 
ter in a Sieve. 


US, it may perhaps be deemed presumptuous to 
decide on its real character. That it actually oc- 
cuiTed there can be no doubt. It is incorporated 
with both the history and the arts of the Romans. 
It is mentioned by Valerius Maximus, by Pliny 
and Livy: representations of Tutia carrying the 
sieve were also embodied in sculptures, in statues, 
and engraved on gems. The annexed figure was 
copied from one, of the latter. It is from the first 
volume of Montfaucon’s Antiquities, Plate 28. 

As the feat therefore was certainly performed, 
it must have been either by natural or by superna- 
tural means. Some writers have admitted, and St. 
Augustine among them, that the miracle was a ge- 
nuine one ; but there are circumstances sufficient 
to show that the whole was a well conceived and 
neatly executed trick, on the part of Tutia and her 
friends; and further, that it was a much more 


simple one, than other deceptions to which the heathen priests some- 
times had recourse. It possesses considerable interest however as fur- 
nishing another specimen of their proficiency in scientific juggling and 
natural magic. To say nothing of the absurdity of admitting a divine 
interposition, in answer to invocations addressed to a heathen goddess— 
and of the improbability of Tutia being condemned while innocent; there 
certainly was something suspicious in lier undertaking to select the test for 
the goddess, and especially such a one as that of carrying water in a 
sieve. Instead of asking for a sign by water, it would have been more 
appropriate and more natural in her (if sincere) to have prayed for one by 
fire — by that element which was the symbol of the deity she invoked, and 
which it was her peculiar duty to attend at the altar and preserve pure — 
the element too, which, if the accusation was true, she had polluted : be- 
sides, a token by fire was always considered by the heathen as the strong- 
est evidence of divine approbation. What prompted her then to mention 
the test of the sieve 1 Doubtless because the device by which it was to 
be performed was already matured; not by the assistance of Vesta, but 
by a very simple contrivance furnished her by the priests, from their stores 
of philosophical and other apparatus with which they wrought their won- 
ders before the people. 


The contrivance was, we presume, a modification 
of the ancient sprinkling pot, just described. The 
sieve she employed would therefore be a double 
one ; that is, its bottom and sides were hollow, the 
exterior bottom only being perforated, as in the an- 
nexed cut, which represents a double metallic vessel, 
the inner one being capable of holding water, and 
„ the upper ed^es of both united and made perfectly 

tion of Tutia’s sieve. tight, With the exception of one or perhaps two 

small openings shown on the edge in the figure. 
Thus when such a sieve was pressed slowly under water, the liquid would 
enter through the perforated bottom, drive the air before it, and fill the 
cavity ; and when the upper part was sunk below the surface, the upper or 
apparent sieve would also be filled. Then by covering the small opening 
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Chap. 34 Liquor Taster and Lroj^jping Tube, 


with the thumb, the vessel might be raised out of the river, the water 
in the cavity being suspended precisely as in Nos. 69 and 70, so 
that Tutia might return with it to the temple, and on approaching the 
altar, by imperceptibly sliding her thumb to one side, the air would enter 
the opening thus exposed, and the contents of the cavity would descend 
in a shower, to the amazement of the spectators and to the confusion of 
her adversaries. "With such an instrument she might go with that confi- 
dence to the trial, which she is represented to have felt, being fully con- 
vinced of success. While she was in the act of carrying the water, the 
spectators would be unable to detect the slightest imposition, or if, from 
the elevation at which she seems to have borne it, the bottom of the sieve 
was exposed, it would be more likely to confirm them in the belief of the 
miracle, as her movements would cause the suspended water to appear 
at the openings ; but it is' more probable that they were kept at too great a 
distance by the managers of the farce, to afford them any opportunity of 
exercising an undue curiosity. And when the trial was over, the sieve 
would be secured by those in the secret, who would have one similar in 
appearance ready for examination whenever required. 

Few devices are better adapted to demonstrate the suspension of water 
by the atrhosphere, than those little instruments which chemists and deal- 
ers in ardent spirit use, to examine their various liquids. Those of the 
former are named ‘ dropping tubes,’ from the small quantities they are de- 


signed to take up, and the latter ‘liquor tasters:’ both are 
^ H substantially the same, for they differ merely in form and di- 

11 mensions. Some curious experiments may be made with them. 

J I For example, a series of liquids similar in appearance but 
f \ differing from each other in specific gravity, and such as do 
H K J not readily mix, may be placed in a glass or other vessel, so 
, H I as to form separate layers, the heaviest at the bottom, and the 

H 1 lightest reposing on the top. An expert manipulator may 

1 11 then by a taster (No. 76) withdraw a portion of each, and 

No*7C No 77 examination of his audience from the same ves- 

Li’quor Taster* sel. Samples of different wines, ardent spirits, water, &c. There 
Dropping Tube. reason to believe that the ancient professors of legerdemain 
were well acquainted with such devices. It is possible that 
the trick performed by a Chinese juggler before the Russian embassy at 
Pekin, in the last century, was of the kind. It is thus described by Mr. 
Bell: “ The roof of the room where we sat was supported by wooden 
pillars. The juggler took a gimblet, with which he bored one of the pil- 
lars and asked whether we chose red or white wine ?• The question being 
answered, he pulled out the gimblet and put a quill in the hole, through 
which ran as from a cask the wune demanded. After the same manner he 


extracted several sorts of liquors, all w'hich I had the curiosity to taste, 
and found them good of the kinds.” Bell’s Travels. Lon. 1764, vol. ii, 28. 

Peter Martyr speaks of old jugglers that “ devoure bread, and imme- 
diately spit out meale; and when they have droonke wine, they seem pres- 
en tlie to poure the same out of the midst of their forehed.” 

There are numerous intimations in history that hydrodynamics was one 
of the most fruitful sources of scientific imposture, to which ancient magi- 
cians had recourse. Besides the sieve of Tutia, the cup of Tantalus, and the 
Divining cup, there were “the marvellous fountain, which Pliny describes, 
in the island of Andros, which discharged wine for seven days and water 
during the rest of the year — the spring of oil which broke out in Rome 
to welcome the return of Augustus from the Sicilian war — the three 
empty urns that filled themselves with wine at the annual feast of Bacchus, 
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in the city of Ellis — tke glass tomb of Belus whicb was full of oil, and 
which when once emptied by Xerxes could not again be filled — the weep- 
ing statues, and the perpetual lamps ; — all the obvious effects of the equi- 
librium and pressure of fluids.? 

The cup of Tantalus will be ound described in the Chapter on Si- 
phons in Book V. Divining cups may be noticed here, as there is reason 
to believe that water was suspended in some of them by atmospheric 
pressure; while in others, sounds were produced by the expulsion of 
air through secret cavities formed within them. Divination by water has 
prevailed from immemorial time, and in the eastern world, has been prac- 
tised in a great variety of ways. Sometimes the inquirers into futurity 
performed the requisite ceremonies themselves, and with ordinary instru- 
ments, as when a mirror or looking-glass was used ,* (see page 34) at 
other times professional sorcerers were employed. These men, as a mat- 
ter of course, provided their own apparatus, and hence had every oppor- 
tunity in its construction of concealing within some part, the device upon 
which their deceptions turned. 

Of all the implements connected with Hydromancy, cups are the most 
interesting. They are among the earliest that history has neentioned, 
(Genesis, xliv, 5,) and they have longer retained a place in the conjurer^s 
budget than any other. They were used by astrologers of Europe during 
the middle ages, and are not yet wholly abandoned in that part of the 
world. Like all devices of the old magicians^ ingenuity seems to have 
been exhausted in their formation and in adapting them to different spe- 
cies of jugglery. They were of various materials ; while some were of 
silver like Joseph’s, others were of wood, glass, stone, &c. according to 
the nature of the trick to be performed by them. Sometimes presages 
were drawn from observing the liquid through the sides of the cupj for 
this purpose it was made of a translucent material ; but then one side was 
left thiclc while the others were thin, so that tlie contents were invisible 
.‘through the* former, but quite plain through the latter. Tlie indications 
were considered favorable when the liquid was clear and distinctly seen, 
and unfavorable if the inquirer could not perceive it — thus either side 
was presented by the conjurer as best suited his views. The same trick 
is still performed in some of the churches in Italy ; one side of the goblet 
or glass is made opaque, while the other is transparent. With other cups 
it was the motion or agitation of the liquid that was looked for : if it re- 
mained at rest, the omen was bad — if violently moved, good. This kind 
of divination most likely depended on legerdemain or ‘sleight of hand,’ 
in dropping unperceived some substance into the vessel that produced ef- 
fervescence — or by opening a secret communication with a cavity in the 
stem or base of the vessel, containing a liquid that had a similar effect. In 
Japan it is common to place a pot of water on the lioad ; if the liquid 
boil over, the presage is good, “but if it stirs not, bad luck.”^ Among 
the prodigies mentioned by Herodotus, is one of this kind : the flesh of 
a victim sacrificed during the Olympic games, was placed in l)raK:en caul- 
drons, and “the water boiled up and overflowed without the intervention 
of fire,” (B. i, 59.) The emerald cup, by which the priests of Mentz 
deluded people in the dark ages, belongs to the same class. On certain 
days, two or three extremely minute fishes were secretly put in, and hy 
their motions in the water produced such an effect that the people were 
persuaded “the cup wad alive.”** 


*^Montaims’ Japan, translated by Ogilby, Lon. 1670, p. 123. 

^ Missoifs Travels, vol, i, 93. See also Moreri’s Diet, vol, iv. Art. Augury, 
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The divining cups of the Assyrians and Chaldeans appear, from im- 
perfect accounts of them extant, to have been more artificially contrived. 
When one was used, it was filled with water, a piece of silver or a jewel 
having certain characters engraved on it was thrown in ; the conjurer 
then muttered some words of adjuration, when the demon thus addressed, 
it is said, ^'whistled the answer from the bottom of the cup.’’ These ves- 
sels were probably so contrived, that the water might compress air con- 
cealed in some cavity in the base, and force it through the orifice of a mi- 
nute reed or whistle, as in the musical bottles of Peru. As Julius Cyre- 
nius says such cups were also used by the Egyptians, it is possible that it 
was one of them by which Joseph divined, or affected through policy to 
divine. Divination by the cup is still practiced in Japan. 

It is well known that the jugglers of Asia have always been unri- 
valled. Even in modern times, some of their tricks are beautiful applica- 
tions of science, and are so neatly performed as to baffle the most saga- 
cious of observers. A full account of them would go far to explain all 
the miracles which ancient authors have mentioned, and would afford some 
curious information respecting the secrets of ancient temples. 


CHAPTER IV. 

Suction : Inipossiblo to raise liquids by that which is so called— Action of the muscles of the thoraj 
and abdomen in sucking explained — ^Two kinds of suction — Why the term is continued — Sucking poiso* 
from wounds — Cupping and cupping-horns — ^Ingenuity of a raven — Sucking tubes original atmospherie 
pumps — The Sanguisuchello— Peruvian mode of taking tea, by sucking it through tubes — Reflections on 
it. — New application of such tubes suggested — ^Elxplanation of an ambiguous proverbial expression. 

Air is expelled from such vessels as are figured in the last chapter by 
thrusting them into a liquid, which entering at the bottom, drives out as 
it rises the lighter fluid at the top. In the apparatus now to be described, 
it is withdrawn in a different manner. The vessels are not lowered into 
water, but the latter is forced up into them. The operation by which this 
is accomplished was formerly named su-ction, from an erroneous idea that 
it was effected by some power or faculty of the mouth, independently of 
any other influence. A simple experiment will convince any one that the 
smallest particle of liquid cannot be so raised fill a common flask or 
small bottle within a quarter of an inch of the top of the neck, and place 
it in a perpendicular position j then let a person apply his mouth over the 
orifice, and he may suck forever without tasting the contents ; the veriest 
lover of ardent spirits would die in despair ere he could thus partake of 
his favorite liquor ; and the exhausted traveler could never moisten his 
parched throat, although the liquid, as in the case of Tantalus, was at 
nis lips. 

As remarked in a previous chapter, the error was not exploded till 
Torricelli and Pascal’s experiments proved that water is not raised in 
pumps hy suction, or any kind of attraction, but by fuhion from aerial 
pressure. Suction therefore, or that which was so called, merely removes 
an obstacle [air] to a liquid’s ascent — it does not raise it, nor even aid in 
the act of raising it. In other words, it is simply that action of the mus- 
cles of die thorax and abdomen which enlarges the capacity of the lungs 
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ii02 Cubing and Cujpping Instruments, [Book II. 

and chest, so that air within them becomes rarefied and consequently no 
longer in equilibrium with that without — hence when in this state a com- 
munication is opened between them and a liquid, the weight of the atmos- 
phere resting upon the latter necessarily drives it into the mouth ; as for 
example, when a person drinks water from a tumbler or tea from a cup. 
flow singular that the rationale of taking liquids into the stomach was not 
understood till the 17th century — that so simple an operation and one in- 
cessantly occurring, should have remained unexplained through all pre- 
vious time ! 

Two kinds of suction have been mentioned by some writers, but the prin- 
ciple of both is the same : one, the action of the chest j ust mentioned — the 
other, that of the mouth alone ; viz. by lowering the under jaw while the 
lips are closed, and at the same time contracting and drawing the tongue 
back towards the throat. There is this difference between them : the 
former can be performed only in the intervals of respiration, while the 
latter may be continuous, since breathing can be kept up through the nos- 
trils. One has been named supping, the other sucking. The term ‘ sucker,’ 
commonly applied to the piston of atmospheric pumps, arose from its 
acting as a substitute for the mouth. With this explanation of the terms 
suction, sucking, &c. we shall occasionally use them, in accordance with 
general custom, for want of substitutes equally popular. 

Infants and tlie young of all mammals not only practice sucldng dll they 
quit their mother’s breasts for solid food, but most of them continue the 
practice through life when quenching their thirst : of this man is an ex- 
ample, for it is by sucking that we receive liquids into the stomach, 
whether we plunge our lips into a running stream, receive wine from 
a goblet, or soup from a spoon. As tbe origin of artificial devices 
for raising liquids by atmospheric pressure may be traced to this natural 
operation, some other examples may be mentioned. Of these, sucking 
poison from wounds is one. This has been practiced from tinknown an- 
tiquity. Job, speaks of sucking the poison of asps — At tlu; siege of Troy, 
Machaon * suck’d forth tlie blood’ from the wounds of Menelaus; and th^ 
women among the ancient Germans wore celebrated fur thus healing tiieir 
wounded sons and husbands. The serious consequences that often at- 
tended the custom, led at an early period to the introduction of by 
means of which tlae operation might be performed without danger to the 
operator; for scrofulous and other diseases were frequently communicated 
to the latter, by drawing tainted blood and humors into the mouth; whereas, 
by the interposition of a tube, the offensive matter could bo prevented 
from coming in contact with the lips. 

Before the use of the lancet was discovered, these cui^iyrng tubes ware 
applied in ordinary blood-letting. Even at the present day such is the 
only kind of phlebotomy practiced by the oldest of existing nations ; for 
** the name and the use of the lancet are equally unknown among the na- 
tives of Hindostan. They scarify the part with the |>oint of a knife and 
apply to it a copper cupping-dish with a long tube aflixed to it, by means 
of which they suck the blood with the mouth.”®' It is the same with the 
Chinese, Malays, and other people of the east. Thc.se generally use the 
same kind of apparatus as the Hindoos, hut sometimes natural tubes are 
employed, as a piece of bamboo.^ The horns of animals, as tho.so of 
oxen and goats were also much tised ; these on account of their coni- 
cal form being better adapted for the purpose than cylindrical tubes 


Shoberl’s Hindostan, v, 42. Chinese Repos, iv, 44. See also Le Comte's China, 
and Marsden’s Sumatra. 




Chap. 4.] The Sanguisuchello. SOS 

Park found the negroes of Africa cupping with rams’ horns ; and the 
Shetlanders continue to use the same instrument, having derived it from, 
their Scandinavian ancestors. Cupping was practiced bj Hippocrates, 
and cupping-instruments were the emblems of Greek and Roman phy- 
sicians. 

The application of a reed or other natural tube, through which to suck 
liquids that cannot otherwise be reached, has always been known. The 
device is one which in every age, boys as well as men acquire a know- 
ledge of intuitively, or as it were by instinct; nor does it indicate a greater 
degree of ingenuity than numerous contrivances of the lower animals — 
that of the raven for example, which Pliny has mentioned in the tenth 
book of his Natural History. This bird, during a severe drought, seeing 
a vase near a sepulchre, flew to it to drink, but the small quantity of 
water it contained was too low to be reached. In this dilemma, stimula- 
ted by want and thrown upon its own resources for invention, it soon de- 
vised an effectual mode of accomplishing its object — it picked up small 
pebbles and dropped them into the vessel till the water rose to the brim-— 
an instance of sagacity fully equal to the application of a tube under 
similar circumstances by man. 

As sucking tubes are atmospheric pumps in embryo, a notice of some 
applications of them will form an appropriate introduction to the latter. 
They constituted part of the experimental apparatus of the old Greek Pie- 
nists and Vacuists ; and were used by the Egyptians as siphons. They 
were, and still are, employed in Peru for drinking hot liquids, and 
were anciently used by the laity in partaking of wine in the Eucharist. 
“Beatus Rhenanus upon Tertullian in the booke De Corona Militis, re- 
porteth that among the riches and treasures of the chiirch of Mense, were 
certain silver pypes by the which profane men, whom they call the laietie, 
sucked out of the challice in the holy supper.”® The device, if not of 
more distant origin, was perhaps designed in the dark 
ages, as a check to the rude communicants, who would 
naturally be inclined to partake too freely of the cup. 
,But since the laity were excluded by the Council of 
Constance, from sharing the wine, the use of such tubes 
has been retained. At the celebration of high mass at St. 
Denis, the deacon and sub-deacon suck wine out of the 
chalice by a chalumeau or tube of gold. [Diet, de Tre- 
voux. Art. Chalumeau.] 

‘ The sanguisuchello or blood-sucker,’ says La Motraye, 
is a golden tube by which the Tope sucks up the blood 
[wine] at high mass; the chalice and tube being held 
by a deacon. The instrument, he remarks, corresponds 
with ‘‘the ancient pugillaris^ or tube mentioned by Car- 
dinal Bona in his treatise of things belonging to the liturgy, 
and of the leavened and unleavened bread.”*^ No. 78 is a 
figure of the sanguisuchello. It has three pipes, but the 
middle or longest one is that by which the liquid is raised. 
The whole is of gold, highly ornamented, and enriched 
Sanguisuchello. with a large emerald. One reason assigned for its use, 
is, that it is more seemly to suck the blood [wine] as 
through a vein, than to sup it. 

The* Peruvians make a tea or decoction of the ‘herb of Paraguay,’ 


Peter Martyr’s Com. Places. Lon. 1583. Part 4, p. 37. i’La Motraye’s Trav. i. 
20 , 31, 427, and Blainville’s Trav. ii, 332. 
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wklck is common to all classes. “Instead of drinking the tincture or 
■ infusion apart, as we drink tea!, they put the herb into a cup or bowl 
made of a calabash or gourd, tipp’d with silver, which they call 7nate; 

they add sugar and pour on it the hot 
water, which they drink immediately 
without giving it time to infuse, because 
it turns as black as ink. To avoid drink- 
ing the herb which swims at the top, 
they make use of a silver fipe^ at the 
end whereof is a bowl full of little 
holes; so that the liquor suclz'd in at 
the other end is clear from the herb.”*^ 
Frezier has given an engraving of a 
lady thus employed, from which the 
annexed cut is copied. 

In Frezier’ s time it was the custom 
for every one at a party to suck out 
of the same tube — like Indians in coun- 
cil, each taking a whiff from the same 
calumet. With the exception of con- 
fining a company to the use of one in- 
strument, we should think this mode 
of ^taking tea’ deserving the considera- 
tion of the wealthy, since it possesses several advantages over the Chinese 
plan which we have adopted. In the first place, it is not only a more 
ingenious and scientific mode of raising the liquid, but also more graceful 
than the gross mechanical one of lifting the vessel with it. It is more 
economical as regards the exertion required ; for in ordinary cases a per- 
son expends an amount of force in carrying a cup of tea backwards and 
forwards, so many times to his mouth, as would suflico to raise a bucket 
of water from a moderately deep well. In the use of these tubes there is 
no chance of verifying the old proverb — ‘ many a slip between the cup 
and the lip’ — ^And then there is no danger of breakage, since the vessel 
need not be removed from the table. How often has a valuable ‘ tea-set’ 
been broken, and the heart of the fair owner almost with it, by some 
awkward visitor dropping a cup and saucer on their way to his mouth, 
or on their return to the table 1 Lastly, the introduction of these tubes, 
would leave the same room as at present for display in tea-table para- 
phernalia. 

There is another application of them which some convivialists may 
thank us for suggesting. It has been regretted by ancient and modern 
epicures that nature has given them necks much shorter than those of 
some other animals; these philosophers supposing that .the pleasures of 
eating and drinking are proportioned to the length of the channel tlirough 
which food passes to the stomach. Now although a sucking tube will not 
alter the natural dimensions of a person’s neck, it may be so. used as to 
prolong the sensation of deglutition in the shortest one; for by contracting 
the orifice, each drop of liquid imbibed through it may be brought in 
contact with the organs of taste, and be detained in its passage until every 
particle of pleasure is extracted from it; — -being the reverse of what 
takes place, when gentlemen swallow their wine in gulps. The most fas- 
tidious disciple of Epicurus could not object to this use of them, since 
nothing would touch his liquid but the tube; and as every person would 



No. 79. Peruvian female taking tea with 
a sucking-tube. 


Frezier’s Voyage to the South Seas, p. 252. 
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provide his own, no one would ever think .of borrowing his neighbor's, 
any more than he would ask for the loan of his tooth-pick.® ^ 

We are not sure that this plan of attenuating agreeable liquids, did not 
give rise to that mode of drinking adopted by the luxurious Greeks and 
Romans, to which we have before alluded. Their drinking vessels were 
generally horns, or were formed in imitation of them. At the small end 
of each a very minute opening was made, through which a stream of 
drops, as it were, descended into the mouth. Paintings found in Pom- 
peii, and other ancient monuments, represent individuals in the act of thus 
using them — while others, whose appetite for the beverage, or whose 
thirst was too keen to relish so slow a mode of allaying it, are seen 
drinking, not out of “the little end,” but out of the large end “of the 
horn.” We have mentioned this circumstance because it appears to af- 
ford a solution of an old, but somewhat ambiguous saying. 


CHAPTER V. 

On bellows pumps: Great variety in the forms and materials of machines to raise water — Simple bol 
lows pump — Ancient German pump — French pump — Gosset’s frictionless pump ; Subsequently ro-in- 
vonted — ^Martin’s pump — Robison’s bag pump — Disadvantages of bellows pumps — Natural pumps in 
men, quadrupeds, insects, birds, See . — Reflections on them. Ancient vases figured in this chapter. 

In the course of time a new feature was given to sucking tubes, by 
which they were converted into pumps: this was an apparatus for with- 
drawing the air in place of the mouth and lungs. In what age it was first 
devised, and by what people, are alike unknown. The circumstance that 
originally led to it, was probably the extension of the length of sucking 
tubes, until the strength of the lungs was no longer sufficient to draw 
water through them. In this way the bellows pump, the oldest of all 
pumps, we presume took its rise. 

It should be borne in mind that an atmospheric pump is merely a con- 
trivance placed at the upper end of a pipe to remove the pressure of the 
atmosphere there, while it is left free to act on the liquid in which the 
lower end is immersed ; and farther, that it is immaterial what the sub- 
stance of the machine is, or what figure it is made to assume. Some per- 
sons perhaps may suppose that pumps seldom vary, and then but slightly, 
from the ordinary one in our streets, (the ancient wooden one) but no idea 
could be more erroneous ; for few, if any, machines have undergone a 
greater number of metamorphoses: The body or working part, which is 
named the ‘ barreF and sometimes the * chamber,’ so far from being always 
cylindrical, has been made square, triangular, and elliptical; — it is not even 
always straight, for it has been bent into a portion of a circle, the centre 
of which formed the fulcrum of the lever and rod, both of which in this 
case being made of one piece : its materials have not been confined to 
wood and the metals, for pumps have been made of glass, stoneware, 
stone, leather, canvas, and caoutchouc. Some have been constructed like 


>^In Shakespeare’s time, ‘'every guest carried his own Jenife, which he occasionally 
whetted on a stone that hung behind the door. One of these whetstones may be seen 
in Parkinson’s Museum. They were strangers at that period to the use of forks.* 
[Ritsons’s Notes on Shakespeare’s Timon of Athens. Act i, Scene 2.] 
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a bag, resembling the old powder-puff or tbe modern accordion; otbei 
tbe form of tbe domestic and blacksmith’s bellows — some in tbe 
of a drum, and others as a portion of one — as a simple horizontal t 
suspended at the centre on a perpendicular one, and whirled round 
the arms of a potter’s wheel — then again as a perpendicular tube wit] 
sucker or piston, and moved like a gentleman’s walking cane, from wJ 
maeed its name is derived. (See Canne Hydraulique in Book IV.) T 
have also been made of two simple tubes, one moved over the other 
those of a telescope— even a kettle or cauldron has been used as a pu 
and the vapor of its boiling water substituted for the sucker to expel 

air it contained, after which the pressure of the 

mosphere forced water into it from below. In i 
any device by which air can be removed from 
interior of a vessel,, is, or maybe used as a pum| 
raise water. 

Nor have the ‘suckers’ or ‘pistons’ been sub 
to less changes than other parts of pumps. T 
have been made solid and hollow — in the forn 
cones, cylinders, pyramids, sectors, and segments 
circles: — in the shape of cog-wheels, and of 
arms and vanes of wind-mills, with motions analog 
to such as these ; and sometimes they are mad 
the shape of a gentleman’s hat and of similar m 
rials; while the only motion imparted to them 
the odd one of alternately pushing them inside 
and outside in. 

If a collapsed bladder or leather bag, be sect 
at its orifice to the upper end of a perpendic 
tube whose lower end is placed in a vessel of wt 
(No. 80) then, if by some contrivance the bag can be distended, as sh( 
by the dotted lines, the small quantity of air contained in it and the ] 
would become rarefied, and consequently uni 
to balance the pressure without — Whence the lie 
would be forced up into the bag, until the air wi 
became again condensed as before — that is, the b 
der would be filled with water, with the excep 
of a quantity equal to the space previously occuj 
by the air within it and the pipe. 

To convert this simple apparatus into a pump, 
valves or clacks only are wanting. One, opening 
wards and placed in any part of the pipe or at ei 
of its extremities. ' This will allow water to pasj 
through it, but none to descend. The other pla 
over an aperture made on the top of the bag, 
opening outwards — through this the contents of 
vessel when collapsed can be discharged j and w 
distended it will close, and thereby prevent the 
trance of the external air. The instrument thu£ 
anged becomes a bellows pump, (No. 81,) a macl 
which from the obvious application of the bellow 
. raise and spout water as well as air, has been 
invented by machinists in almost every age. 

The figure scarcely requires illustration. It re 
sents a pipe attached to the under board of a circ 
or lantern bellows, the orifice of which is covered by a clack — the uj 


No. 80. 



No. 81. Bellows Pump. 


Old German Bellows Fum;p. 
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board has also an opening in its centre which is closed by a valve or clack, 
and also furnished with a rod and handle. The under board sometimes 
forms the bottom of a box, in one side of which a spout is inserted, as 
shown by the dotted lines. 

The earliest representation of a bellows pump which we have met 
with in books, is among the curious cuts attached to the first German 
translation of Vegetius, from which No. 82 is copied. (Erffurt 1511)® It 
will suffice to show the application of this kind of pump to’ raise water ^ 
at. that time. There was of course a valve covering the interior orifice 
of the nozzle and opening outwards, to prevent the air from entering 
when the upper board was raised. This valve is not shown because the 
art of representing the interior of machines by section, was not then un- 
derstood, or not practiced. The lower board is fastened to the ground by 
a post and key, and a weight is placed on the upper one to assist in ex- 
pelling the water. 



No. 82. German Atmospheric Bellows Pump. A. D. 1511. 


One hundred years ago, two bellows fixed in a box and worked by a 
double lever^ like the old fire or garden engine, was devised by M. Da 
Puy, Master of Requests to the king of France. The machine was re- 
commended to raise water from the holds of ships, drain lands, &c. It 
appears that the widow of M. Du Puy, expected to t-eap great advantages 
from it in England; but Dr. Desaguliers, in 1744, published a description 
of it taken from the French account, and among other remarks he ob- 
served — “ About fourteen years ago, two men here applied for a patent 
for this very engine, proposing thereby to drain mines;” # # # ‘‘all the 
diiference was, that their bellows were fixed upon a little waggon; and 
tney had a short sucking pipe under; and the force pipe went up from 
the two bellows. I opposed the taking out of this patent, because I 
thought it would be of great hurt to the undertakers, to lay out near 
eighty pounds for what would never bring them eighty pence ; unless they 
made a bubble of it, and drew unwary people into a scheme to subscribe 
money.” ^(Ex. Philos, ii, 501.) Bellows pumps were previously used in 
France. They are spoken of as common in the old Diet, de Trdvoux. 


am indebted to John Allan, Esq. for a copy of this scarce old work. It is the same 
to which Prof. Beckman refers in his article on the diving bell. Unfortunately the cuts 
ure left without explanation. 
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A neat and perhaps the best modification of these machine 
vised about the year 1732, in Paris, by Messrs. Gosset and Deuill 
described by Belidor in 1739, and by Desaguliers in 1744, as 
without friction.^^ It consists of a circular piece 'of leather pr 


the form of a deep dish, or 
crowned hat with a wide r 
rim is secured by bolts ai 
^ between two flanches of a 

_ I Under, forming an air tight , 

J I I ‘ part corresponding to the b 

hat fits loosely into the cylii 
^he crown is strengthed by 
W metal of the same 

i- riveted to it. In the cerr 

plate an opening is made 
through the leather for th 
M of the water, and covered 1 

of the pump-rod is secure 

. raised, the bottom of the ( 
is above tho flanch, and w, 

No. 83. Gosset and DouUle’s Pump. It is pUshcd insido OUt as 

the cut. Thus, by altern 
vating and depressing it, the water is raised as in the comn: 
This piston is described in Vol. VI, of Machines approved by t 
Academy for 1732, p. 85, as the invention of M* Boulogne, 

The great advantage of this pump is in the sucker or pistor 
bing against or even touching the sides of the cylinder, hence t 
friction to overcome from that source, and tho leatlior is coi 
more durable ; but the length of stroke is much less than ir 


pumps, it seldom exceeding six or eight inches, lest the leather 
overstrained in pressing it deeper. Large pumps of this deseri] 
worked in the mines of Brittany incessantly during tliree or fo 
without requiring any repair. India-rubber, and canvas sat 
coated with it, have been successfully used in place of loathe 
modifications of the sucker have also been introduced. 


This pump was re-invented in England some years ago, and i 
siderable noise under a new name. See London Meehan. Mag 
Register of Arts, 1826-29 ; also the Journal of the Franklin Ii: 
1831, voL yii, 193. In 1766, Mr. Benjamin Martin, the well h 
thor of ^PliilosophiaBritannica^ and other scientific works, propoi 
double pump of this kind for the British navy — a figure and d 
of it may be seen in Vol. XX. of Tilloch's Philosophical Magas 

Dr. Robison, in the second volume of his Mechanical Phil()S< 
posed what has been named an improvement on the last pump, 
vice is however little else than the old bellows pump. A figure 
his description are annexed. 

A, B, (No. 84) represents a wooden trunk or cylinder of meta 
a spout at the upper part, and the lower end closed by a plate, tl: 
in which is covered by a clack valve E, as in No. 83. To this | 
cured the open bottom of a long cylindrical hag, the upper end h 
to the round board F. This bag may be made of leather or of J 
vas, a fold of thin leather or of sheepskin being placed be twee 


Bag Burrvp, 
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No. 84. Bag Pump. 


folds. The upper end of the bag should be firmly tied with a cord in a groove 

turned out of the rim of the board at F. Into 
this board is fixed the fork of the piston rod, 
and the bag is kept distended by a number of 
wooden hoops or rings of wire, fixed to it 
at a few inches distance from one another, and 
kept at the same distance by three or four 
cords binding them together, and stretching 
from the top to the bottom of the bag. Now 
let this trunk be immersed in the water : it 
is evident that if the bag be stretched from 
the compressed form which its own weight 
will give it by drawing up the piston rod, its 
capacity will be enlarged, the valve F will 
be shut by its own weight, the air in the bag 
will be rarefied, and the atmosphere will 
press the water into the bag. When the rod 
is thrust down again, the water wdll come out 
at the valve F, and fill part of the trunk. A 
repetition of the operation will have a similar 
effect; the trunk will be filled, and the water will at last be discharged 
at the spout.’’ The operation is precisely the same as in No. 81. 

**Here is a pump without friction and perfectly tight; for the leather 
between the folds of canvas renders the bag impervious both to air and 
water. We know from experiment that a bag of six inches diameter 
made of sail cloth No. 3, with a sheepskin between, will bear a column 
of fifteen feet of water, and stand six hours work per day for a month, 
without failure; and that the pump is considerably superior in effect to a 
common pump of the same dimensions. We must only observe that the 
length of the bag must be three times the intended length of the stroke, 
so that when the piston rod is in its highest position, the angles or ridges 
of the bag may be pretty acute. If the bag be more stretched than this, 
the force which must be exerted by the laborer becomes much greater 
than the weight of the column of water which he is raising.” 

But after all that can be said in favor of bellows pumps, they have their 
disadvantages. A prominent one is this : when the leather or other rna~ 
terial of which they are formed is worn out, a practical workman, who 
is not to be obtained in every place, is required to renew it. Unlike re** 
placing the leather on an ordinary ‘sucker’, which a farmer or a sailor on 
ship-board can easily accomplish, the operation requires practice to per^ 
form it efficiently, and the expense both of time and materials is much 
greater than that of similar repairs to the common pump. For these and 
other reasons, bellows pumps have never secured a permanent place 
among staple machines for raising water, and the old cylindrical pump 
still retains the preeminence, notwithstanding the almost innumerable pro- 
jects that have been brought forward to supersede it. 

The preceding machines resemble in some degree the apparatus for 
drinking which the Creator has furnished to us and to such quadrupeds 
as do not lap. When an ox or a horse plunges his mouth intO' a stream, 
he dilates his chest and the atmosphere forces the liquid up into his sto- 
mach precisely as up the pipe of a pump. It is indeed in imitation of 
these natural pumps that water is raised in artificial ones. The thorax is 
the pump; the muscular energy of the animal, the power that works it; 
the throat is the pipe, the lower orifice of which is the mouth, and which 
he must necessarily insert into the liquid he thus pumps into his stomach ; 

27 
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and whenever the depth of water is insufficient to cover the openi 
tween his lips, the animal instinctively draws closer those portions o 
above it, and contracts the orifice below, just as we do under simi 
cumstances, and which we constantly practice in sipping tea or coffe 
a cup, or any other beverage of which we wish to partake in smal 
titles. The capacious chest of the tall camel, or of the still taller 
leopard or giraffe, whose head sometimes moves twenty feet frc 
ground, is a large bellows pump which raises water through th 
channel or pipe in his neck. The elephant by a similar pneumatic 
ratus, elevates the liquid through that flexible ‘suction pipe,' his pro 
and those nimble engineers, the common house-flies, raise it throug 
minikin trunks in like manner. 

We may here remark, that among the gigantic animals which in ; 
ages roamed over this planet, and which quenched their thirst as 
does, there could have been none which stood so high as to have 
stomachs thirty feet above the water they thus raised into them. J 
the table lands of Mexico, and the still higher regions of Asia, Afri< 
South America, animals of this kind, if such there were, must ha^ 
their stomachs placed still lower. 

The mandibles of some insects are hollow, and are used as s 
pumps. They serve also sometimes as sheaths to poniards, with 
nature has furnished them, as weapons of offence and defence, 
of the lion-ant are pierced, and ‘‘no doubt act as suckers." Thi 
animal constructs a minute funnel-shaped excavation in dry sand, a 
vering its body at the bottom lays in wait, like an assassin, for its 
“no sooner does an industrious ant, laden perhaps with its provisii 
proach the edge of the slope, than the finely poised sand gives wa 
the entrapped victim rolling to the bottom, is instantly seized and 
to a shadow by the lurking tyrant, who, soon after by a jerk of hif 
tosses out the dead body." Weasels and other animals suck the 
of their prey. The tortoise drinks by suction, for which purp( 
plunges his head deep into the fluid, so as even to cover his eyes, 
are several species of birds denominated ^suatoriaV on account o 
obtaining food by means of atmospheric pressure, which they brii 
action by apparatus analogous to the ptimp. The grallatores or % 
“suck up their food" out of water. 

It is impossible to contemplate the structure and habits of ai 
without being surprised at the extent to which this principle of rais 
quids has been adopted by the Almighty in the formation of insects 
tiles, fishes, birds, amphibia and land animals ; and also at its ada] 
to their various forms, natures, and pursuits. Had we the nec 
knowledge of their physiology, we would desire no greater pleasu 
other employment than to examine and describe these natural pne 
machines, and the diversified modes of their operation. 

For other natural pumps, see remarks at the end of Chapter 2, c 
lows forcmg pumps, in the next Book. 

The vessels or vases figured in this chapter are ancient. Th 
which the tubes are inserted in illustrations Nos. 80 and 81, are of 
the one under the pump spout in No. 83, is a bronze bucket; all 
Pompeii. The latter is referred to at page 67. The globular ve 
No. 84, is a figure of a brazen cauldron, also Roman, from Misson, 
page 19 of this volume. 
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CHAPTER VI. 

The atmospheric pump supposed by some persons to be of modern origin — Injustice towards the an 
cicnts— Their knowledge of hydrodynamics— Absurdity of an alledged proof of their ignorance of 
a simple principle of hydrostatics — Common cylindrical pump — ^Ils antiquity — Anciently known un ■ 
der the name of a siphon — The antlia of the Greeks — ^Used as a ship pump by the Romans— Bilge 
pump — Portable pumps — ^Wooden pumps always used in ships — ^Description of some in the U. S. Navy 
—Ingenuity of sailors — Singular mode of making wooden punaps, from Dampier — Old draining pump — 
Pumps in public and private wells — ^In mines — ^Pump from Agricola, with figures of various boxes — 
Double pump formerly used in the mines of Germany, from Fludd’s works— The wooden pump not im 
proved by the moderns — Its use confined chiefly to civilized states. 

Some persons are unwilling to admit that the atmospheric pump was 
known to the ancients, and yet they are unable to prove its origin in later 
times or by more recent people. The passages in ancient authors in which 
it is supposed to be mentioned or alluded to, are deemed inconclusive, 
because the terms by which it is designated were also applied to othei 
devices. 

To confine the knowledge of the ancients to such departments of the 
arts as are either expressly mentioned or referred to in G-reek and Roman 
authors, and to those, specimens of which have been preserved to our 
times, is neither liberal nor just. Let us suppose Europe and the United 
States, in the course of future time, thrown back into barbarism, and al] 
records perished, save a few fragments of the works of our dramatists, 
poets and historians ; — ‘and that after the lapse of some 1500 or 2500 
years these should be discovered — and also some relics of our archi- 
tecture, pottery, and works in the metals : Now we should think the 
writers of those days -illiberal in the extreme, who should conclude that 
we were ignorant of nearly all branches of science and of the arts ; and 
of every machine which was not particularly mentioned or illustrated in 
the former— or of which specimens' were not found among the latter. 
And yet something like this, has been the treatment which the ancients 
have received at our hands. 

It cannot however be denied, that remains of their works still extant, 
exhibit a degree of skill in architecture, sculpture, metallurgy, pottery, en- 
graving, &c. which excels that of modern artists.®- And as regards their 
knowledge of hydrodynamics — ^let it be remembered, that we are in- 
debted to them for canals, aqueducts, fountains, jets d’eau, syringes, for- 
cing pumps, siphons, valves, air vessels, cocks, pipes of stone, earthen- 
ware, wood, of lead and copper : yet notwithstanding all these, and their 
numerous machines for raising and transferring water, and the immense 
quantities of tubes for conveying it, which are found scattered over all 
Asia as well as Italy^ and Greece, it has been gravely asserted, that they 
were ignorant of one of the elementary and most obvious principles of 


was remarked by the late Mr. Wedgewood, who was doubtless the most skilful 
manufacturer of porcelain in our own times, that the famous Barharini Vase afforded 
evidence of an art of pottery among the ancients of which we are as yet ignorant, 
even of the rudiments, Edin. Encyc. vol. ii, 203. 

^ The vast quantities of leaden pipes found at Pompeii induced the Neapolitan go- 
vernment to sell them as old metal. Pompeii, vol. i, 104. 
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hydrostadcs: viz. that by which water in open tubes finds its own 
a lact, oi which it may safely be asserted, it was impossible for tht 
famn^® known— a fact with which the Indians of Peru and Mexicc 
lamihar; and one expressly mentioned by Pliny : “water, Che obs 
ways ascends of itself at the delivery to the height of the head 
_ hence it gave receipt — if it be fetched a long way, the work rninf 
nse and fdl many times, but the level [of the water] is still niainta 
Besides, the testimony of Pliny, fountains and jets d’eau are inc 
ve^rnble proofs that a knowledge of the fact is ofstupendous a«dc 

they having been used in the .east from immemorial ages. ' 

JSut the proof adduced to establish their ignorance in this ■ 

as singular as the position it is brought forward to -sinji-n'r, • 
estabhshes our ow? ignorance of thf sa^ncTplTr Tt 
had the ancients known that water finds its level if 
crooked tube, they would have conveyed it Aro ,1 extremities 

cities, instead of erecting those exSve aqteduS 

the wonders of the wnrl/I ^ which were an 
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and ether writers who flourished ae-ea that name, by Aristophane 
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like It IS mentioned under the name of a ^uu’cthing ver 

^as a generic one, being aSiedm hollow^ i is know 

to istruments foal cullenders 


” -pp-Tf™ 

^ “~.pwri. p^p, f ib"z;£rr;srd“iiS” 


Fosbroks^s Eucyc Anfin * At 
Encyc. Art. ObrAnii^’ _ V ^ Hydranlin 




An Atmospheric Fump. 


213 


Ohap. 6.J 


siphon ; and one to which the riemark of Switzer only can apply — the si- 
phon was undoubtedly the chief instrument known in the first ages of the 
world, (besides the draw-well) for the raisii.g of water.”a 

Nor is there any thing in the account given by Vitruvius of ‘the Ma- 
chine of Ctesibius,’ which indicates that 3ae atmospheric pump was not in 
previous use. His description is obviously that of a forcing pump, (and 
appears to have been so understood by all his translators,) one whose 
working parts were placed not above but in the water it was employed 
to elevate ; whose piston was solid, and which by means of pipes forced 
the water above itself; that rtiised the water “very high;^^ — attributes 
which do not belong to the common pump. It is true he has not men- 
tioned the latter, perhaps because it was not then employed as now in 
civil engineering, and therefore not within the scope of his design in wri- 
ting his work. The manner in which Pliny speaks of it, shows that it 
was an old device in his time, since it was one with which even country- 
people or farmers, (the last to adopt new and foreign inventions) were fa- 
miliar. In his 19th Book, ‘On G-ardens,* cap. 4, he observes: when a 
stream of water is not at hand, the plants should be watered from tanks 
or wells, the water of which may be drawn up by plain poles, hooks and 
buckets, by swapes or cranes, [windlass] “or by pu7nps and such like.^^ 
And that these were no other than the old wooden pump of our streets 
and such as our farmers use, is obvious from a passage in his 16th Book, 
cap. 42, where speaking of the qualities and uses of different kinds of 
wood, he remarks, “pines, pitch trees and allars, are very good to make 
PUMPS and conduit pipes to convey water; and for these purposes their 
wood is bored hollow.’’ 

Although sufficient time may be supposed to have elapsed from the age 
of Ctesibius to that of Pliny for the introduction of the atmospheric 
pump to the countrymen of the latter, (supposing it to have been invented 
by the former) we can hardly believe, if it were not of more remote 
origin, that it could even in that time have found its way into E-oman 
farm-yards and gardens ; much less that it should have superseded, (as it 
appears to have done) every. other device on board of their ships. New 
and foreign inventions were neither circulated so easily nor adopted so 
readily in ancient as in modern days ; and even now a long time would 
elapse before inventions of this kind would find their way through the 
world and longer before they became generally adopted. But had the 
pumps of which Pliny speaks been of recent introduction, he would cer- 
tainly have said so; and had they been the ‘ water forcers’ of Ctesibius, 
to which he alludes in his 7th Book, he could scarcely have avoided re- 
cording the fact. 

That the antlia was the atmospheric pump would also appear from its 
employment in ships. There is no reason to suppose that more than three 
kinds of marine pumps were ever in use — the chain pump, the screw, and 
the common pump. In the chapter on the former we have shown that it 
was not known or used by the Greeks and Romans. The screw was first 
adopted as a ship pump by Archimedes, (see page 133) and hence it 
would seem that the last only could be intended by more ancient as well 
as subsequent authors when speaking of the antlia: that it was so, anti- 
quarians generally admit. “The well, (says Fosbroke in his article on the 
vessels of the classical ancients) was emptied by the winding screw of‘ 
Archimedes now in use ; but in other ships by the antlia or pump.” It is 
of the latter that Pollux speaks, and to it Tacitus refers when mentioning 
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the K^reck of some vessels in which Germanicus and his legions 
down the Amisia into the German ocean: ''the billows broke over 
with such violence, that all the pumps at work could not discharj 
water.” [B. ii, 23.' Murphy's Translation.] ^ 

Martial, the Roman poet, speaks of the antlia as a machine 'to dr 
water according to Ainsworth, 'a pump.' Kircher figures and des 
the old wooden pump as the antlia. [Mundus Subterraneus, tom. ii 
The Romans appear to have employed it exclusively or nearly 
their navy; and even in that of the Greeks it is not probable th 
screw was extensively adopted, on account of its not being so well 
ted for ships as the other. Of this the former people seem to have 
convinced; they preferred the pump and all modern nations' hav< 
firmed their judgment. Had they used the screw to any ext 
would have been continued in European vessels after the fall of th 
pire, when most of their arts and customs were naturally and nece; 
continued — their ship pumps as well as their ships. But as the ; 
pheric pump only has so come down, we infer that the machine nov 
monly used to discharge water from the holds of our vessels is ide 
or nearly so, with that employed by Roman sailors of old. 

The oldest modification of the ship pump appears to have bee: 
formerly known as the ' bilge' or ' burr' pump ; and it was the sin 
for it had but one distinct valve, viz. ' the lower box,’ as the one 
retains the water in a pump is sometimes named. This pump k€ 
place in ships till the last century, and may yet occasionally be me( 
in those of Europe. It was often worked without a lever, but its 
liarity consisted pihncipally in the construction of the piston or st 
It differed from the ordinary pump " in that it hath a staff, six, se' 
eight foot long, with a bur of wood whereunto the leather is nailec 
this serves instead of a box ; so two men standing over the pump, 
down this staff, to the middle whereof is fastened a rope for six, ei 
ten to hale by, and so they pull it up and down.” This account pul 
nearly 200 years ago, might be sufficiently descriptive then, wh( 
pump was in common use, but few persons could, now realize frori 
correct idea of the substitute for the ordinary sucker. It is howev 
ther more explanatory than the accounts given in later works. In s 
has been described as" a long staff with a burr at the end to pump i 
bilge water.” Here the burr only is mentioned, not the leather, ar 
idea imparted is that of a solid piston, such as are used in farcing p 
The sucker of the bilge pump consists of a hollow cone or truncates 
of strong leather, the base being equal in diameter to that of the 
chamber or cylinder. It is inverted and nailed to the lower end 
rod. The lower edge of the leather resting against the burr, 
thrust down it collapses and permits the water to pass between it ai 
sides of the chamber, and when its motion is reversed, the weight 
liquid column above it, presses it out again. To prevent the cone 
sagging, three strips of leather are se ved to its upper part at equa 
tances from each other, and their other ends nailed to the rod. 
No. 85.) The action of this sucker is something like moving a p 
up and down in water ; the sides close as the rod descends and 
when it rises. It is the simplest modification of the sucker know 
probably the most ancient. It is figured by Agricola, (vide C in No. E 


This part of an atmospheric pump is sometimes named the sucker, the bucl« 
upper box, the piston; — ^we shall generally use the first when speaking of th< 
spheric pump ; and the last when referring to forcing pumps. 
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is not mentioned by Belidor, Switzer, Desaguliers or Hachette ; nor has it 
been noticed by more recent writers, with the exception of. Mr. Milling- 
ton^ and perhaps one or two others. It has long been known in some 
parts of the United States. We noticed it twenty years ago at New 
Rochelle, Westchester county, in this state, (New-York) and were in- 
formed by a pump maker there, that they “always had it.” It is not 
however universally known, for in 1831 a patent was taken out for it.^ 

There is another application of the 



Xo. 85. Sailors’ No. 86. Liquor 
Portable Pump. Pump. 


burr pump in ships that is probably 
due to old navigators. We allude to 
the use of those portable instruments 
which, says an old author, “ are made 
of reed, cane, or. laten, [brass] that sea- 
men put down into their casks to pump 
up the drink, for they use no spick- 
ets.” No. 85 represents one, with a 
separate view of the sucker, from an 
illustrated edition of Virgil, of the 16th 
century. They appear to be of con- 
siderable antiquity and were perhaps 
used for the same purpose by the an- 
cient sailors of Tyre and Carthage, 
Greece and Rome. No. 86 is a figure 
of the common liquor pump, derived 
from the former. It is from U Art du 
Disiillate^ir, in ‘ Descriptions des Arts et 
Metiers,’’ folio, Paris, 1761. The se- 
parate section of the lower part shows 
the ‘boxes’ to have been similar to 
those now often used. Another sucker 


is figured with a spherical valve ; a boy’s marble, or a small ball of metal 
being placed loosely over the orifice, instead of a clack. It was at that 
time made both of tin plate and of copper as at present. One of these 
pumps is mentioned by Conrad Gesner, as constituting part of a portable 
Italian distillery, in the former part of the 16th century, at which period 
it seems to have been common. See a reference to it, page 218. 

Ship pumps seem to have been made of bored wooden logs since the 
days of the elder Pliny, and probably were so by both Greeks and Ro- 
mans long before his time. We learn that they were made by ship- 
Wrights, i, e. by a certain class of them.<^ At the present day, every 
person knows that wooden pumps are oftener to be found in ships than 
any other ; this has always been the case. It. is to them only that refe- 
rence is made in the relations of early voyages. The vessels of Colum- 
bus, Vasco de Gama and Magalhanes, were furnished with them; indeed 
no other kind appears to have been used by old European navigators. 
From the importance of efficient machines to raise water from ships, it 
may reasonably be supposed that if any nation had possession of a supe- 
rior one, it would soon have been adopted by the rest ; but there is not 
the slightest intimation of any difference between them. The pump in 
Spanish, Portuguese, English and French vessels, is spoken of as com- 
mon; as much so as the anchor or rudder: thus — when the Yitoria one 


» Epitome of Philosophy, Lon. 1823, p. 199. ‘’Journal of the Franklin Insti 
fitute, vol. ix, 235. Lardncr’s Arts of the Greeks and Romans, vol. i, 350. ‘‘ Ir 

ving’s Columbus, vol. ii, 127. 
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of Magalhanes' fleet, put iato St. Jago on her return in 1522, a boat 
sent ashore for provisions, and some negroes to assist m .working 
'pumpSy many of the ship’s company being sick, and the leaks having 
• creased.’’^ In the account of Frobisher’s third voyage in search < 
north-west passage in 1578, the A7ine Francis having run on a sun 
rock, “they had above two thousand strokes together at the pumim 
fore they could make their shippe free of the water, so sore she ' 
brused.’’^ In the voyage of some English vessels to the north the 
lowing year, one was nearly lost; '‘by mischance the shippe was bil 
on the grapnell of the Pavos, [another vessel] whereby the comp 
[owners] had sustained great losses, if the chiefest part , of their go 
had not been layde into the Pavos; for^ notwithstanding their immp 
with three pumpes, heaving out water with buckets and all the best si 
they could make, the shippe was halfe full of water ere the leake co 
be found and stopt.”® In November 1599, two large Portuguese si 
arrived at Terceira in distress, having been separated in a storm, dur 
which they “were forced to use all their pumpes"'^ to keep afloat.^ ' 
vernier sailed in 1652, from the Persian Gulf to Maslipatan in a la 
ship belonging to the king of Golconda; — a storm arose and became 
violent that the water “ rowl’d in from stem to stern, and the misch 
was that our pumpcs were nought.” Fortunately several bales of leat 
were onboard, of which they made bags or buckets, “which being 
d6wn from the. masts with pulleys through certain great holes which wi 
cut in tlie deck, drew up a vast quantity of water.”® 

Wooden pumps, with and without metallic cylinders and boxes, are s 
common in European and American ships of war. The latter with f 
exceptions have no other. A description of those on board the North ( 
rolina, a ship of the line, may possibly interest some readers. This v 
sel has six. They are large trees bored out and lined with lead. Tb 
reach from the surface of the main gun deck to the well, a distance 
twenty-three feet. A brass cylinder, 2 feet 9 inches long and 9 incl 
bore, in which the piston works, is let into the upper part of eac 
The piston rods (of iron) pass through the centre of a guide piece, ; 
cured over every pump, and are thus kept from deviating from a perpc 
dicular position. They are connected to the levers by slings as in t 
common brass lifting pump and some others. The levers are double, a 
shaped like those of fire-engines, staves of wood being slipped throu, 
the rings whenever the pumps are worked. Each lever works two pumj 
and the length of stroke, or the distance through which the pistons mo 
in the cylinders, is 14 inches. The pistons or upper boxes are of hrs 
with butterfly valves; the band of leather round each is secured 1 
|crews, (in place of nails in the wooden box.) 

‘Necessity is the mother of invention the truth of this proverb is oft< 
illustrated by seamen, especially as regards the raising of water. N 
merous are the instances in which they have relieved themselves fro 
situations so alarming as to paralyze the inventive faculties of me 
other men; either by devices to work the ordinary pumps wh( 
their strength was exhausted, or in producing substitutes for them wh( 
worn out. A singular example of the latter is mentioned by Dampie 
which may be of service to sailors. It is attributed to a people who a! 
not remarkable for their contributions to the useful arts, and on that accou 


® Burney’s Voyages, voL i, 
S598, black letter, vol. iii, 88. 
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It would hardly be just to omit it. In the course of Dampier’s voyage 
round the world, while sailing (in 1687) along the west ' side of Minda- 
nao, one of the Philippine Islands, he concluded to send the carpenters 
ashore to cut down some trees for ..a bowsprit and topmast. ‘‘And our 
pumps being faulty and not serviceable, they did cut a tree to make a 
pump. They first squared it, then sawed it in the middle, and^ then hol- 
lowed each side exactly. The two hollow sides were made big enough 
to contain a pump-box in the midst of them both, when they were joined 
together ; and it required their utmost skill to close them exactly to the 
making a tight cylinder for the pump-box, being unaccustomed to such 
work. We learned this way of pump-making from the Spaniards^ who 
make their pumps that they use in their ships in the South Seas after this 
manner ; and I am confident that there are no better hand-pumps in the 
world than they have.” (Dampier’s Voyages, vol. i, 443.) In the ab- 
sence of tools to bore logs the device is an excellent one, and in some 
particulars such a pump would be superior to the common one. It is 
not so readily made as one of planks, but it is more durable. 

Various ingenious modes of working their pumps have been devised 
by seamen and others ; the power of the men has been applied as in the 
act of rowing — this plan by far the most efficient is adopted in the French 
navy. A rope crossed over a pulley and continued in opposite directions 
on a ship’s deck, so that any number of men may be employed at the 
same time, has been extensively used in pumps with double suckers, as 
shown at No. 92. Hopes passed through blocks and connected to the 
brake of the common pump have also been worked in a similar way. 
Captain Leslie, in a voyage from Stockholm to this country, adopted the 
following plan, which in a heavy gale, may be very efficient : ‘ He fixed 
a spar aloft, one end of which was ten or twelve feet above the top of his 
pumps, and the other projected over the stern : to each end he fixed a 
block or pulley. He then fastened a rope to the pump rods, and after 
2 ^assing it through both pulleys along the spar, dropped it into the sea 
astern. To the rope he fastened a cask of 110 gallons measurement and 
containing about 60 gallons of Water. This cask answered as a balance 
weight, and every motion of the ship from the roll of the sea made the 
machinery work. When the stern descended, or when a sea or any agi 
tation of the water raised the cask, the pump rods descended ; and the 
contrary motion of the ship raised the rods, when the water flowed out 
The ship was cleared out in four hours, and the exhausted crew were 
of course greatly relieved.’ 

A ship pump made of such boards or plank, as are commonly found on 
board of large vessels, was devised by Mr. Perkins, for which he received 
a gold medal from the London Society of Arts. It is figured and described 
in the 3Sth volume of the Society’s Transactions. 

The facility with which wooden pumps are made and repaired, the 
cheapness of their material, the little amount of friction from pistons 
working in them, and their general durability, have always rendered them 
more popular than others. Like many of our ordinary machines, they 
seem to have been silently borne down the stream of past ages to the 
I5th and 16th centuries, when, by means of the printing press, they first 
emerge into notice in modern times. The earliest representation of one 
we have met with in print is in the German translation of Vegetius, on the 
same page with No. 82, the bellows pump: No. 87, on next page, is a copy. 
It is square, made of plank and apparently designed to drain a pond or 
marsh. The piston or sucker, which is separately represented, is cylin- 
drical and was perhaps intended to show a variation in the construction 

28 


218 



Pumps in the 16tA Century. 


[Booi 



No. 87. A. D. 1511. 


of that instrument. It has no valve 
clack, but appears to be a modification 
the one used in the old bilge purxjp, w] 
was sometimes compared to a ‘gunn 
sponge.’ 

There are numerous proofs in old 
thors, that pumps were common in loelh 
the 15th century, since they are mentio 
in the early part of the following one, 
things in ordinary. In 1546, they v 
used to some extent in those of Lon( 
In the ‘Practice of the New and old 1 
sicke,’ by Conrad Gesner, (who died 
1565) translated by George Baker, ‘one 
the Queene’s maiesties chiefe chirurgiar 
ordinary,’ and dedicated to Elizabeth, (I 
black ikter, 1599,) is a description < 
Florentine distilling apparatus, to whic 
portable pump was attached ; the latte 
described as “an instrument which is 


formed that the water by sucking is forced to rise up and run forth, as 
like practice is oft&n usedj in pits of water or welles^ Folio 215. The c 
brated mathematician, necromancer, and alchymist, Dr. John Dee, ^ 
was frequently consulted by queen Elizabeth, had a pump in the well 
longing to his house. In Beroald’s commentary on the 44th propositior 
Besson, (the chain of pots) he observes that it “opere sans intermissior 
tirant I’eau de tout puits facilement sans pompesP^ Sarpi, who first ' 
covered the valves of the veins, compared them to those of a pu: 
‘ opening to let the blood pass, but shutting to prevent its return.’ 

But pumps had not wholly, in the 16th century, superseded the 
mode of raising water with buckets in European cities. At that tim 
great portion of the wells were open — of this, numberless intimati 
might be found. Thus in Italy, the poet Aurelli, who was made goi 
nor of a city by Leo X. was murdered by the inhabitants on account of 
tyranny, and his body with that of his mule thrown into a well. In L 
don, it was not till the latter part of the following century that the cl 
and pulley disappeared. This is evident from the following enactment 
the common council of that city the year after the great fire. (1667) 
for the effectual supplying the engines and squirts with water, pumps 
to be placed in all wells — a proof that many were open and the w? 

raised in buckets. 


Pumps are also described in old works on husbandry, gardening, 
from which it appears that they were often used to raise water for irri 
tion. In ’the ‘Systema Agriculture, being the mystery of Husban 
discovered and laid open,’ Lon. 1675, directions are given respecting 
rious modes of making and working them ; and it is particularly 
rected that the rods be made of such a length as to permit the suckers 
‘ upper boxes’ to descend at every stroke below the surface of the w? 
in the well; this it is observed, ‘saves much trouble.’ The same rem 
accompanies an account of windmills for watering land [pumps dri' 
by them] in the old ‘Dictionarum Pusticum.’ 

In the mines of Hungary pumps were early introduced, but at w 
period is uncertain. It is not improbable that those described by Aj 
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cola, were similar to such as were used in some of the same mines by the 

ancients, and have always formed part of 
the machinery for discharging water from 
them since the fall of the Roman empire. 
All that are figured in the De Re Metallica, 
are extremely simple, and with one excep- 
tion are atmospheric or sucking pumps. 
They are all of bored logs. Some are sin- 
gle pumps, and are woi-ked by men with 
levers, cranks, and also by a kind of pendu- 
lum. Others are double, triple, &c., and 
worked by water wheels. Of the last some 
are arranged in rows, and the piston rods 
raised by cams as in a stamping mill; the 
weight of the rods carrying them down. 
Others are placed in tiers one above ano- 
ther; the lowest one raises the water from 
the bottom of the shaft or well, and dis- 
charges it into a reservoir at its upper end : 
into this reservoir the next pump is placed, 
which raises it into a higher one, and so on 
to the top. A pump of this kind from Ag • 
ricola, has been often republished. It was 
copied by Rockier and others. A figure of 
it is inserted in Gregory's Mechanics, Ja- 
mieson’s Dictionary, &:c. 

We have selected No. 88, as a specimen 
of a single pump, and of upper and lower 
boxes. A, A, represent two of the latter ; the upper part of one is tapered to 
fit it into the lower end of the pump log as is yet sometimes done. D, B, an 
upper box, of a kind occasionally used at the present time. The valve or 

clack is a disk laid loosely over 
the apertures, and is kept in its 
place by the rod, which passes 


through its centre and admits it 
to rise and fall. C, the conical 
sucker referred to, p. 214. 

The annexed figure of a 
double pump is from Fludd’s 
works. It appears to have 
been sketched by him while in 
Germany, from one in axjtual 
use. It is represented as 
worked by a water wheel, 
that, by means of cog wheels 
transmitted motion to the hori- 
zontal shaft; the cams on which 
alternately depressed one end 
of the levers to which the pump 
rods were attached, and thus 
raised the latter. They de- 
scended by their own weight, 
as will appear from an inspec- 
The separate view of a rod is intended to show the 


No. 88. Pump and Pistons from 
Agricola. 



No. 89. Double Pump in Gorman mines. A. D. 1618. 


tion of the figure, 
application of cranks on the horizontal shaft, in place of cams and le- 
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vers. The lower ends of the pumps are inserted in baskets wh 
strainers. A double series of pumps, (one over the < 

in a mine at Markirch in Germany, is also figured by Fludd. 1 
resting on account of the mode of communicating motion to the 
crank on the axle of a water wheel imparts motion to a walking 
in a steam engine; (in the latter the operation is reversed) and 
rods are attached to both ends of the beam.^ 

The idea may probably occur to the general reader, that the 
cal talent and enterprise of the preceding and present centur 
have produced so many original machines and scarcely left ai 
device unimproved, must have imparted to the old atmospheric p 
features, and made it capable of increased results. It is true tha 
vices have occupied a greater share of attention, and on none have 
forts to improve them been bestowed; but how far these have I 
cessfiil may be inferred from the fact — that notwithstanding the 
variety of forms into which its working parts have been chan 
the great number of alledged improvements in suckers, pistons, ve 
the machine as made by the ancients, still generally prevails 
were some of their pump makers to reappear, and visit their fellc 
men throughout the world, they would find little difficulty in 
their occupation. 

The punap, although a simple instrument, is confined chiefly to 
states, while the extent to which it is employed, indicates pretty 
the degree of refinement attained by the people who possess it. 
it was known to the Egyptians under the Pharaohs or not, n 
question; but when Egypt under the Greeks realized a partial r 
her former glory, the forcing pump we know made its appearan( 
and under the second Ptolemy, when that country was a schoo. 
rest of the world, its most valuable modifications were known, 
ceeding ages, the atmospheric pump has been a regular attendan 
revival of learning and of the arts. Wherever these have made 
progress, there the pump is mostly used. In Germany, France, 
Great Britain, and the United States, it is most extensively empL 
Spain, Portugal, Mexico and South America, but partially so. In 
Egypt, Greece, &c. still less ; while in Asia and Africa, generally 
known.^ Egypt, even under the auspices of Mohammed Ali, is not 
pare to receive it again. Its history in any country is that of the 
Take Russia for an example : of the devices for raising water t 
are informed the inhabitants use the swape, a rope passing over 
(Nos. 13 and 14) a drum on which a rope is wound, (No. 23) h 
and vertical wheels, and lastly pumps; these last it is said, were 
very rare, but are now become common.^ Just so of the people, tl 
formerly very rude and ignorant, but are now becoming enlighte 


^De Naturae Simia sen Technica macrocosmi historia, pp. 453, 455. 

^ As regards a knowledge of the pump in China, see remarks on Chinese t 
the next Book. 

'LyeFs Character of the Russians, and a detailed history of Moscow. Lon. 1 
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CHAPTERVII. 

Metallic pumps — Of more extended application than those of wood- Description of one — Devices to 
prevent water in them from freezing — ^Wells being closed, no obstacle in raising water ft-om them — Ap- 
plication of the atmospheric pump to draw water from great distances as well as depth — Singular cir- 
cumstance attending the trial of a Spanish pump in Seville — ^Excitement produced by it — W ater raised 
to great elevations by atmospheric pressure when mixed with air — Deceptions practised on this prin- 
cipler—Device to raise water fifty feet by atmospheric pressure — Modifications of the pump innumerable 
— Pumps with two pistons — French marine pump — Curved piimp — Muschenbroeck’s pump — Centrifugal 
pump— West’s pump— Jorge’s improvement— Original centrifugal pump — Ancient buckets figured in this 
chapter. 

That the public hydraulic machinery of the Romans was of the most 
durable materials sufficiently ajjpears from Vitruvius. The chain of pots 
described by him was, contrary to the practice in Asia and Egypt, wholly 
of metal — the chain was of iron and the buckets of brass. The pumps 
of Ctesibius that were employed in raising water to supply some of the 
public fountains, he informs us, were also of brass and the pipes of cop- 
pe‘r or lead. Some of the oldest pumps extant in Europe are formed al- 
together of the latter. Leaden pumps were very common in the 16th 
century. They are mentioned by old physicians among the causes of cer- 
tain diseases in families that drank water out of them. The pump of the 
celebrated alchymist, Dee, alluded to in the' last chapter, was a leaden 
one ; and which he expected to be able to transmute into gold, by means 
of the elixir or the philosopher’s stone, which he spent his life and fortune 
in seeking. In the vicinity of some English lead mines such pumps have 
for many centuries been in use. The Italian pump that led to the disco- 
very of atmospheric pressure was also a metallic one. 

The introduction of metals in the construction of pumps greatly ex- 
tended their application and usefulness, for they were then no longer re- 
quired to be placed directly over the liquids they raised. Those of wood 
were necessarily placed within the wells out of which they pumped 
water; but when the working cylinder and pipes were of copper or 
lead, the former might be in the interior of a building, while the reservoir 
or well from whence it drew water, was at a distance outside ; the 
pipes forming an air-tight communication between them under the surface 
of the ground. 

The following figure, (No. 90) represents a common metallic sucking 
pump ; the cylinder of cast-iron or copper, and the pipes of lead. It 
will serve to explain the operation of such machines in detail, and to 
show the extent of their. application. When this pump is first used, water 
is poured into the cylinder to moisten the leather round the sucker, and 
the pieces which form the clacks or valves ; it also prevents air from pas- 
sing down between the sucker and the sides of the cylinder when the 
former is raised. Now the atmosphere rests equally on both orifices of 
the pipe, the open one in the well, and the other covered by a valve at 
the bottom of the cylinder : in other words, it presses equally on the 
water in the cylinder and in the well which covers both but when by 


Not absolutely so, or in a strict philosophical sense, but the difference is so slight iji 
an altitude of 25 or 28 feet, (the ordinary limits) as to be inappreciable in a practical 
point of view. 
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the depression of the handle or lever, the sucker is raised, tli 
destroyed, for the atmospheric column over the cylmdOT, and < 

over the valve U is In 
sustained by tbe such 
therefore no longer pn 
upper orifice, while its 
lower one remains u 
Then as the external ai 
ter the pipe to restore 
brium except through i 
mersed in the well ; in 
do so, (if the expressio 
ble) it necessarily drive 
before it on every as 
sucker, until the air pre 
tained in the pipe is e 
both pipe and cylinder 1 
with water. 

The subsequent ope 
vious. -When the such 
the clack on its upper s 
sed by the resistance 
through which it passes 
at the bottom of the c 
clack closes by its owr 
that when the sucker is 
?i3o. 90. Common Metallic Pump. ted, besides OVerCOUlir 

tance of the atmosphei 
up all the water above it, and which it discharges at the s] 
same time the atmosphere resting, undisturbed on the water 
pushes up a fresh portion into the vacuity formed in the cylin 
valve 0 prevents its return, 

Tne horizontal distance between the cylinder or worh 
the pump and the well is, in theory unlimited, but in practi( 
exceeds one or two hundred feet. In all cases where long 
used, their bore should be enlarged in proportion to their le: 
velocity with which the sucker is raised, should be diminish 
this reason — time is required to overcome the inertia and fric 
columns of water in pipes ; hence a sucker should never be 
than the pipe can furnish water to fill the vacuity formed b; 
In pumps whose pipes have too small a bore, it frequently 1 
the sucker is forcibly driven back when quickly raised, becat 
had not time to rush through the pipe and fill the vacuity in 
as raj/idly as it was formed. The bore of wooden pumps 
throughout, the water is not pinched or wire- drawn wl 
through them, as in most of those of metal. This is one reas 
gene^ly work easier than the latter. It is immaterial in v 
the pipe the valve O is : it is usually placed at the upper end 
yenience of getting to it when requiring repairs. When it 
its seat, the water always remains suspended in the pipe, (uni 
should be defective) as mercury is sustained in a barometer 1 
In cold climates it is a matter of some importance to prev€ 
pumps from freezing. Metallic pumps are, from the superio 
property of their material, more subject to this evil than th( 
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ses, fec.^s^coL^nued^^OtW^ar^r^*"*' the dung of hor- 

to its seat, or to open it hv r>r C from sitting close 

it, so that the contents of the c-^inderand ^ attached to 

hence every time the pump is^=pd » f descend into the well; 

It.’ A more common method is to on P^ttion is required to ‘prime 
with the suction pipe by a stop eocV cylinder 

the cock the water in the n,!2P j ^ C. By opening 

the usual practice in tht cSv -'?”^^^ Ptpe S 

that two or three feet of it mav^e*Vi cylinder of such a length 

out of the reach of the frost - ground, and 

box, a plain cock is inserted ■’ m' . ’^® C or lower 

and the water above " scat; ^ left partially open" 

cess to a well, while the litte/fs'T”'** how the atmosphere can have ao- 

thick bed of clip „lr,;Srer.i"Lw^ or s.... tlmbfr, 

Iity of air, the extreme minuteness of iVq* Y is the ra- 

circulate throug-h the finest sm'lo o -r i which enables it to 

rious chambers and passa<reg of thfr"d^ people pass through the va- 
well coated, and its "^®® ®f ^ 

sooner could the sucker or piston of am, it cement-no 

Within It, than the air would^ stream throtpbtt P“‘ial vacuum 

a colander or shower bath. And if rbo cement as water through 

fcotlp air-tisb., it weld ica „L ^ £L"‘‘ ™ "t.d.rcd p£ 

water without any perceptible obstruction Tf ^^cend through the 
a well impervious to air, no watei could L w®*’® possible to make 
pumps: no movement of the sucker cidtettr "? “ 
examine the apparatus with solicktd! ^ “ "P- “ight 

consult the leaVLd with £ «s defects with care- 

pump maker of Seville ;-etill tS wato’ ^^^®® ‘'’® Spanish 

offom SitriS'’”""’'’ 

dicnlar depi, no. StcediSg”? or?8 '•!" "'*■»'■ from « porp.n, 

stroke of the sucker In ai t oa ^1‘^ob is required for the 

the sucker, when at ‘the highest poL'if between 

water, should never exceed the s^me numbt ‘I'o 

rometer, at the place where the pumn is Si ®'® •*’‘® *®’’® ^ 

cury. But m the temperate zones wi^^re m, "®®‘l’ ofmer- 

sure of the air varies sometimes toThe exLrff r "^®'^’ '^® P^®®' 

betweentwo and three feet of water hlS^f T ”®roury, or 

thing less. And as the level of wa el in well ■ ® '?,-'‘“®® ^® 

laudable practice of pump makZ! f ^ changes, it is the 

sucker, ol-such a IcnXK the In *^® rid of he 

feet of the water. ^ ’ ‘'^® work within 26 or 28 

|iumps fr/m”wdls otat depths" Sr^tSirh”"^ *’^®®® 

and to Iny hel^t tthicKi^del if Satoofphetol 

been well understood by old en^St ShSmfk 
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the Florentine pomp is a proof ; an.1 others migBt be addnced fron 


older authorities. Plato 48, in Besson’s Tlie^ 


, . • • . i* • , represents an 

l)horic pump raising water Irom a river to the top of a high tower. 
r'trlinHAi* ici «miMrrv tnri>i4‘n nr nlaiik Jinri j , 


cylinder is sipiaro, iormed of plank and bound with iroh clamps, 
slmwn as nearly the length of the suction pipe, which is 

When pump rods arc re(]uired ol great length, they should be mi 
pine. Ihis wood does not warji, and as it is rathe? lighter than wi 
wciglit has not to bo overcome like iron rods) when raising the su 
A circumstiuico to which we have slightly alluded, was announ 
the public papers of buropo, in the year 1766, which roused the al 
of philosophers; for it seemed to threaten a renewal of the dispute 
a vacuum, and the ascent of water in pumps ELtid siphons, &c. A 
of Seville, in Spain, undertook to raise water from a well 60 feet 
by the common pnmp. Instead of making* tlie sticker play within 
of tiu] wat<u , he inad<j the rod so sliortj thictti it did not reach wi 
feet ol* it. As a mau^sHary constupitmce, he cotild not raise any. 
»:reat!y disa|)pointial, lie dt^scended the well to examine the pipe. 


a person above was employed in working the ptamp: and at last 

. f 1 1.! . .A* 1 ... 1 1 ^ ^ - 


of de.Hpair, at his want of fiiiecc^B.s, he dashed the hatchet or hart 
his hand, vioknitly against th<^ pim\ By this act a small openii 

tnade in the }>ipe about ttm feet above the water when what mu 

lieen his surprise! the water instantly ascended and was dischai 
the spout 1 

The fact being published, it was by some adduced as a proof tl 
pressuni of the atmosphere could sustain a perpendicular column o: 
much iongfjr tlnm tl2 or 2 { feet, and conBequentl_y that the experim 
Torritudli and .Pascal \vt‘n‘ inconclusive. M. Lecat, a surgeon at 
in Nortnaudy, n‘ji<,‘ut(‘d tlie <‘xp(n‘immit with a pnnap in his gard 
bored a small hol<* in (Ik\ suction pipe ten feet aBove the water, tc 
he adapted a cock. Wlum it was open, the A^vater could be disc 
at llui iieight of 55 fetu, instead of* .'H) whcui it was shut. 

As might be supposed, theses expm-iincmts when investigated, 
of overthrowing the reciuved tha-triiu^ of atmospheric pressure 
fully confirmed it. It was asc(*rtained tlint the air on entering th 
liecame mixed with the water; anti which therefore, instead of bei 
ried up in an unbroken ctdumn, was riustui iu disjointed portions, c 
form of fkirk min. This mixturtJ btnng much lig-hter than water 
a longer cudumn of it could be snpportctl by the atmosphere : and 
portioning the quantity of air admitted, a column of the compour 
may be (‘hnnitt'd ont^ or two htirulred fet^t l>y the atmospheric purr 
there is no a,dvantagt^ in raising wiitt*r in this rnaxmer by the furt 
we ladieve it is stddom tir ni‘vi*r pnictitu'd. In a paper, on the dt 
formed by tlu‘ fJornwall Stt*am Kngint^s in raising* water, in the , 
of tlui Franklin Institute for May, 18:i7, it is stated that a little 
sometimes admitted in tlu^ l**tmp pipes, which it is alledged, “me 
pump work more lively, in conmH|uenre of the spring it gave to 
lumn of water, and causetl ](‘Hs ntrain to the machinery.’’ In th 
paper Mr. Ptsrkina Htates that forty y(*ar» ludoro, an attempt was n 
impose upon him in this fumntry, a pump which raised water 
spheric pressure 100 fc'ct : hut he* ch*t( 5 rted small pin hole” in t 
through which the air wtiB tidmitred. 

Tht^ HUUK^ dt'cepfuni it aeetim gave rise? to the humorous poetical 
* Terrible TraefnratimJ The ingeniotw author states in his prefa 
"i... ....... a....... I 10 A 1 .... in Vermont. 
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‘ a new Invented hydraulic machine.^ “I was urged to hurry my depar- 
ture in consequence of a report in circulation, that certain persons by 
stealth had made themselves masters of the invention, and were deter- 
mined to anticipate us in our object of securing a patent in London. In 
consequence of this report, the experiments made with this machine were 
performed in a hasty manner. By it, water was raised through leaky tin 
pipes in a hasty experiment, 42 feet from the surface of the fountain to the 
bottom of the cylinders, in which the pistons were worked. I embarked 
from New-York the 5th of May, and arrived in London after a tedious 
passage the 4th of July. I waited on Mr. King, then ambassador from 
the United States, to whom I had letters, and was by him favored with a 
letter to Mr. Nicholson, an eminent philosopher and chemist. With this 
gentleman I had several interviews on the subject of my hydraulic ma- 
chine, and from him received an opinion in writing unfavorable to its 
merits. I likewise made a number of experiments in London, with a 
different result from what I had seen in Vermont. In this desperate si- 
tuation of the adventure, I received a letter from one of the Vermont 
Company, informing me there was a deception in the patent — ^that from 
experiments made subsequent to my departure, it appeared that no water 
could be raised by La'ngdon^s invention higher than by the common pump, 
unless by a perforation in the pipe, which made what the inventor called 
an air hole, and which by him 7iad heen kept a secret, Mr. Nicholson in- 
formed me that a similar deception had been practised on the Academi- 
cians of Paris, but that the trick was discovered by the hissing noise made 
by the air rushing into the aperture.” From the disappointment Mr. Fes- 
senden turned to his pen, and wrote ' The modern PJiilosopJm* or Terrible 
Tractoration,^ See preface to 2nd American ed. Phil. 1806. 

It is possible however to raise water by a short cylinder, fifty or even 
a hundred feet high, but for all practical purposes the device is useless. 
The first thing of the kind that we know of, was accomplished nearly 
forty years ago by a boy. He fixed a small pump (the cylinder was 12 
inches in length) in the garret of a high dwelling, and a tub of water 
in the cellar, the perpendicular distance being nearly 50 feet. About 
half way up the stairs, he placed a close vessel, (a three gallon tin boiler) 
from the bottom of which a small leaden tube was continued to the pump 
cylinder; and another tube being soldered to the top, descended into the 
tub of water. A third tube was soldered to the top of the vessel, and 
terminated near the pump, having a cock soldered to the end. This cock 
being shut and the pump worked, the air in the pipes and the vessel was 
withdrawn, and the latter consequently filled with water by the atmo- 
sphere ; he then opened the cock which admitted the atmosphere to act on 
the surface of the water in the vessel, and by again working the pump the 
contents of the vessel were raised and discharged in the garret. By a se- 
ries of close vessels placed at distances not exceeding 30 feet above each 
other, water may be raised in this manner to any elevation. 

It is impossible to notice here a moiety of the projects for improving 
the atmospheric pump and the various parts of which it is composed ; 
their name is legion^ and this volume is far too limited to comprise an ac- 
count of them all. Those that we are about to describe are of modern 
date, but it does not therefore follow that they were unknown to the an- 
cients. Men in every age, when striving to accomplish a specific object, 
naturally fall into similar trains of thought, and hit upon the same or nearly 
the same devices. Could the ancient history of this machine be procured, 
it would we have no doubt prove, that (like the instruments invented by a 
celebrated French surgeon, fac-similes of which of exquisite finish, were 
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subsequently found in Pompeii) not a few of its diversified modifications 
were anticipated by Greek and Poman machinists. Why then were they 
not preserved or continued in use ? For the same reason that the old 
pump is still generally preferred : and were it not for the art of printing 
it is probable that not one of the modern improvements of this machine 
would be known 2000 years hence, any more than those devised by the 
ancients are now known to us. Those persons who are familiar with it, 
well know that a large majority of its supposed improvers, have returned 
from long and laborious mental pilgrimages in its behalf, laden, like old 
devotees, with little else than stores of worthless relics. 

Of innumerable variations in its construc- 
tion, the greater part consists of different 
modes of communicating motion to the rod, 
by wheels, cranks, racks and pinions, cams, 
plain and jointed levers, pendulums, balance 
poles, vibrating platforms, &c. Of these it 
would be useless to speak. Others consist in 
two or more suckers in the same cylinder; in 
altering the form of the latter ; and some in 
imparting motion to the cylinder, and dispen- 
sing with the sucker. We shall notice some 
of these here, and others in the next Book. 

The introduction of two suckers or pistons 
into one cylinder has long been a favorite 
project. Dr. Conyers in 1673 proposed a ' 
pump of this kind. He made it of plank, 
square and tajoered^ (in the form of an inver- 
ted and truncated pyramid,) feet long, 20 
inches square at the upper end, and 8 at the 
bottom where the valve or lower box was 
placed. He fixed two suckers on the same 
rod, one at its lower end and the other so as 
to play half way down the trunk. This pump 
he said, raised at least twice as much water 
as the ordinary one of the same size.^^ If 
such was the fact, it was by the expenditure 
of twice as much force. Had the bore of 
the trunk, where the upper sucker played, 
been uniform throughout, and the lower 
sucker laid aside, and with it the force ex- 
pended in moving it, the result would clearly 
have equalled that of both. Phil. Trans. 
Abridg. Vol. i, 545. 

About the year 1780, Mr. Taylor of South- 
ampton, Eng. introduced two suckers or pis- 
tons into one cylinder, each united to a separate rod, that one might as- 
cend as the other descended, and thus discharge double the quantity of 
water : No. 91 is a figure of it. The rod of the lower sucker slides 
through the centre of the upper one; and also through its valve, which 
is a spherical or hemispherical piece of brass, placed loosely over its seat 
and to which the rod acts as a guide. The upper parts of the rods ter- 
minate in racks, between which a cog wheel is placed, having an alternate 
movement imparted to it, by a lever attached to its axis, as in the common 



air pump, 
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one end of the shaft of the cog wheel; over this a ropo is passed ami 

crossed below, to which any number of men, on each side, may apply 
their strength. Both parties pull the rope towards them by turns, an.l 
thereby impart the requisite movement to 

to the pump rods and'suckers, as shown in No. 92. Mr. A.lmus, >n lus 
LecturL on Natural Philosophy, published in 1794, obsertmd that ih.-s,- 
kind of pumps had been “in general use in the royal navy tor in t* ot mx 
years.’* Vol. iii, 392. 



No. 92. Working Ship Pump® by Eopea. 

In 1813, the London Society of Arts awarded a nuulal and t\yvniy 
guineas to Mr. P. Hedderwick, for various inodes of iinparfing motion to 
two pistons in. the same cylinder, by a series of /cfvr.v, insO'ad of eog wheels 
and racks. Trans, vol. xxxii, 98. ^ 

Atmospheric pumps with two pistons an* ust'd in thi* hh*ene!i niiirine, 
and are arranged so as to be work<‘d ]>y tln^ men ns in the art ot 
Neither racks nor pinions are uscul in eouununirntirjg motltm to the 
rods. The upper ends of these are contuuu'd outside the eyiltider^ atui 
bent a little outwards, and then connected by a bolt to each en«l of a shtiri 
vibrating beam which is inovcid by the men. ddHs rtnls dtf not deseeiid 
in the centre of the cylinder, as in the preceding figure, hut are iittiiched 
to one side of the suckers. The lower rod passes thnmgh an opt*nirig in 
the upper sucker, which is closed by a collar of huitlier. Ium-Im ttoV 
Traite Elementaire des Machines. Paris, 1819, p. li>3. 

Pumps with double pistons are not of modern date : thtu’is is mie fi|pire<i 
in Besson’s Theatre des Instrumens. 

The alledged superiority of these pumps is more sptHtuiuH rhiui rt al 
It is true the inertia of the water in asci'inllng the pipits has not fo It#* 
overcome at every stroke, as in the common pump, since kn motion tliroiigli 
them is continuous ; nor is its direction changed, as when twni 
cylinders are used, being then diverted into tiuuu from the pipes at tngle^i 
more or less acute. These arc real advantages; but If we miiimkfi not, 
they are the only ones, unless taking up leas room t>n ship boiinl lit* iin 
other. But from the cylinders being twic<^ the ordiriiiry lenglli, fhenr* 
machines arc really double pumps; having not only twc» iuckers lynl fwnf 
rods, but also two cylinders, and requiring twice the power to work iltton. 
The principal difference between them and the usual double |iiitiip, w f inii 
the cylinders are united together on the same axis, while in flm hiinu', 
they are placed parallel to each other. In point of economy, wo ilnftk 
pumps with two distinct cyliuders are j)reforabla; they arc h-i i <-omp|o^^. 
and of course less liable to derangement: a longer can !»c «»b 

tained in them, and, what is of more importance, whim on«! m «b?iiirdcri«ii. 
the other can be continued in use. On thcH<^ considcratitms we litfltcve 
double piston pumps were abandoned in the British navy. 

A -Vk M ^£*‘ .r,. .... ^ « i s # ^ a, » 
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it formed a part, served as a fulcrum on which the rod and handle (both c 
one piece) moved. The rod was curved so as to move in the centre c 
the chamber. 



No. 93. Curved Pump. 

The objects supposed to have been attained by this arrangement, were 
greater simplicity of workmanship,^’ and ‘‘ greater steadiness and preci- 
sion of action” (of the sucker.) The device is ingenious, but can never be 
generally adopted. The spring of the rod with the wear of the bolt on 
which it turns, must soon render the play of the sucker and wear of the 
chamber unequal : the difficulty and expense of making the latter curvr* 
linear, and of repairing it when bruised or otherwise injured, are fatal 
objections. The pipe must be separated from the chamber to get at the? 

lower box or valve ; and the application 
of the pump is limited to depths within 
30 feet. We have noticed it, lest the 
same idea occurring to some of our me- 
chanics, should lead them to a useless 
expenditure of time and money. In the 
same year a patent was issued in Eng- 
land for making the cylinder in the form 
of a ring, or nearly so, the centre of 
which was the fulcrum on which the pis- 
ton turned, and an alternating motion 
was imparted to the latter, llepertory 
of Arts, vol. XXXV. 1819. 

An interesting modification of the at- 
mospheric pump was described by Mus- 
chenbroeck in bis Natural Philosophy. 
Instead of a piston or sucker working 
inside of the cylinder, the latter itself is 
moved, being made to slide over the pipe 
somewhat in the manner of telescope 
tubes. No. 94 represents this pump. 
The upper end of the suction pipe, being 
No. 94. Muschenbroeck’a Pump. made of copper Or brass, and its exto- 
^ rior smooth and straight, is passed 
ougn the bottom of a small cistern. Its orifice is closed by a valve 
opjning upwards. A short cylinder whose diameter 
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end is covered by a valve also opening upward. The pump rod is at- 
tached to the same end by a fork, as represented in the figurt*. i^y mo- 
ving the cylinder up and down, the air witliin it and die pipe stum ex* 
pelled, and its place occupied by a portion of the water in vvlueli the 
lower end of the suction pipe is immersed, l^hen the cylindi*r ih then 
raised the atmosphere forces up water into it, and when it is depres*^rvi, 
the water being prevented by the valve on the end of the pip<* irom do- 
scending into the well, escapes out of that on the top ol the rylinder, pre- 
cisely as in the bellows pump. (p. 206.) By keeping wattT in the riHfrrn, 
air is effectually prevented from entering between the pipes at undling 
box, even if it be not perfectly tight. A cup or dish fortnetl on the upprr 
end of the cylinder to contain a little water over the valve, W4mUi an 
advantage in this description of pum 2 >s, for any defects in it !»y \\ hirh 
air is admitted would be fatal, as a vacuum could not itnm hr 
formed within the cylinder, and of course no water rained by it i hir 
common pumps would be almost useless if water was iu>t kc*pt t*¥er ilie 
valves; it is that which renders them air tight, and con8e(|uently etfirieiu. 
In the early part of the 18th century, a new method of exciting the pre?i 


sure of the atmosphere for the purpose of raising water was iuh»pted« I is 
discoverer burst the fetters with w’hich lone: establishe<i nuxieH of arctun' 


discoverer burst the fetters with w’hich long establishe<i nuxieH of arctun' 
plishing this object had embarrassed common nhiKls. He left the old trio k 
entirely, and the result of his research<,‘s was a p}iilo.so|)hienl mnehtiie ihaf 
bears no resemblance to those by which it was pnxxxhxl. 

Most people are practically accjuainted with tlx* principle of the 
fugal pu7n'i), viz. that by wliich a body rt'volving nxind n eentre tendx 
:o recede from it, and with a forcai proportioixxi to its vehxnty : thus noni 
s thrown from the rims of carriage whetds, when tliey mt»ve* rapidly *ivrr 
vet roads; a stone in a sling darts off the moment it releamxi ; ii loiekef 
)f water may be whirled like a stone in a nllng and the ctmtenrs reiamed 
fven when the bottom is upwards. A sailor on ship lioard, or ii hoioie* 
naid, dries a wet mop by whirling it till the ftirce commutueared to the 
vatery particles overcomes their tuihesion to tlie woolen fd>reN. llovfi 
ometimes stick pellets of tough clay to the end of a switch or flexible lod. 
nd then drawing it quickly through the air, the fonx^ impfiried to the laihs 
— — -z sends them to their tlesfiimtioiK I f 



tube he* substituteti for the md, and 
thoimcl that is hehl in the hantl tdi* 
sed, by a similar moveiiient, balk 
dro 2 )[md or water pounxl inf*) n, 
would he thrown forward in like 
manner; and if fy some itrriinge 
mentthe nmveriientof the tnho wm 
made continuous, projected Htrexifei 
of eitlier balls or water ndglit hr 
rendered constant: tln^ ernfri!ii;.:al 
gun is a contrivance tt> are»,»niplnli 
the one— the centrifugal ptimp ifir 
otlutr. 


pump gtuierally rosciiHf-i 


No. 95. Centrifugal Pump. 


in the form of a tntn 


or lettttr I, placixl pi^'rpendiciiliirlf 


hft Inwiar * 1 . w*at(‘r to he laiseil. (Nixtld.i 

e lower end is supported on a luvot ; fHTforatitxiH uro fdut It'* " ■ ' 
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charge the water into a circular trough, over which they turn. To charge 
it, the orifices may be closed by loosely inserting a cork into each, and 
then filling the pump through an opening at the top which is then closed 
by a screw cap. A rapid rotary motion is imparted to the machine by a 
pulley fixed on the axis and driven by a band, from a drum. Sec. ^ The 
centrifugal force thus communicated to the water in the 
arras or transverse tube, throws it out; and the atmo- 
sphere pushes up the perpendicular one fresh portions 
to supply the place of those ejected. These pumps are 
sometimes made with a single arm like the letter L in- 
verted ; at others quite a number radiate from the up- 
right one. It has also been made of a series of tubes 
arranged round a vertical shaft in the form of an inver- 
ted cone. A valuable improvement was submitted b}** 
M. Jorge to the French Academy in 1816. It consists 
in imparting motion to the arms only, thus saving the 
power consumed in moving the upright tube, and by 
which the latter can be mdined as circumstances or lo- 
cations may require. 

A combination of the centrifugal pump with Parent's 
or Barkers mill, was proposed by Dr. West, which in 
some locations may be adopted with advantage. It is sim- 
ply a vertical shaft round which two tubes are wound: 
(No. 96) the upper one is the pump; the lower one the 
mill. The area of the lower one should be to that of the 
upper in the inverse ratio of the perpendicular height, 
and as much more as is necessary to overcome the fric- 
tion. The cup or basin into which the stream (part of 
which is to be raised) is directed, may be attached to the shaft and turn 
with it, or the latter may pass through it. Tilloch's Phil. Mag. vol. xi. 

The first centrifugal pump appears to have 
been invented by M. Le Demour, who 
sent a description of it to the French 
Academy in 1732. (Machines approuv^. 
Tom. vi, p. 9.) It was merely a straight 
tube attached in an inclined position to a 
vertical axis, and whirled round by the 
handle — the tube was fastened by liga- 
tures to three strips of wood projecting 
from the axis, as shown at No. 97. 

With this pump we close our remarks 
on devices for raising water by atmo- 
spheric pressure; more might have been 
added, but as nearly all the machines yet 
to be described illustrate the same prin- 
ciple, the reader is referred to the fol- 

lowing Books, and particularly to the at- 

No. 97. Le Demour’s Pump, mospheric and forcing pumps described in 
- the next one. 

[The ve^els under the pump spouts in Nos. 90, 93 and 94, are Roman 
bronze buckets from Pompeii.] 



No. 96. West’s Pump. 



END OP THE SECOND BOOK. 



BOOK III. 


machines for raising water by COMPRESSURE INDEPEWI/ 
ENTLY OF ATMOSPHERIC INFLUENCE. 


CHAPTER I. 

Definition of machines described in this Book — ^Forcing- Pumps — Analogy Dctwcou thou® 

—History of the bellows that of the pump — Forcing pumps are water bellows — Bellowa of antsMWi 
luvian origin — Tubal Cain— Anacharsis — ^Vulcan In his forge — Egyptian, Hindoo, and Poruvion blowtoff 
tubes — Primitive bellows of goldsmiths in Barbary — Similar instruments employnd to eject U<iuids— 
vices to obtain a continuous blast — Oouldu bellows of tho Foulah bhiekHmiths, without valves— -HifwpJe 
Asiatic bellows— Domestic bellows of itKKlcni Egypt — Double bellows of the ancient E|rypti«ns- -Bet- 
lows blowers in tho middle ages — Lantewu bellows common over all the East— i>p(M*imen» from Agricola 
—Used by negroes in itho interior of Africa — Modern Egyptian blaclcsniiths' bellows — Vnlean’s bellows 
—Various kinds of Roman bellows— Bellows of (Jreciau lilacksiniths referred to in a predieiion <»f the 
Delphic ornclo— Application of lantern bellows as forcing pumps — Hacking and forcing bellows pumps 
—Modern domestic bellows of ancient origin — Used to raise water — Commoin blacksmiths* bellowsf em- 
ployed as forcing pumps — Ventilation of mines. 

Machines of the tliird class described in this Kook, arc such as act by 
compressure : tlie water is first admitted into close vessels and tlnm for- 
cibly expelled tbrou^b apertures made for that purpose. This is cflht'.tcd 
in some by compressing the vessels themselves, as m bellows pumps— in 
others by a solid body impinging on the surface of the litjuid, as in firt^ on» 
gines — sometimes a column of water is used for tho same pur|)OHe, at 
others the expansive force of compressed air. Of the last tvvf>, l lt^ron^ii 
fountain, air engines, and soda fountains, are oxarnples, Stri(!tly con- 
sidered, these machines have nothing to do with the pribssure^ of the at- 
mosphere, (the active principle of those of the second class,) l)ut in prac- 
tice it is very generally employed. When tho working cylindi^r of* a for- 
cing pump is immersed in the water it is intended to raise, or when the 
latter flows into it hy gravity, it is a forcing pump simply; but when the 
cylinder is elevated a/jofje the water that supplies it, and consequantly in 
then charged by atmospheric pressure, the machine is a compotuul one. 
embracing the peculiar properties of both sucking and forcing |Hnnp». 
The latter therefore differ from the former in raising water alx^ve their 
cylinders; and to elevations that are only limited by the strength (>f tlieir 
materials and the power employed to work them. They havi^ btHui con- 
sidered by some writers as the oldest of all pumps. Wo, sliall cmiHider 
their varieties in the order in which wo suppose they were developed. 

An intimate connection has ever subsisted betweem forcing pump 
and the bellows; they are not only identical in principle, but evt^ry fc»rm 
adopted in one has been applied to tho other. Tins bellows, from the 
simple sack or skin emploved bv the neirroi^s of Afriim to the comoliix 
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our foundries, has been used to raise water: and every modification oft! 
pump, not even excepting the screw, has been applied as a bellows 
Lglr proof of the analogy between them and of their connection 
ancient times, is, that in one of the earliest accounts we have of the cyh 
drical pump, (viz. by Vitruvius) it was used as a bellows to supp 
wind to hl^draulic organs.” And that rotary pumps are as numerous 
rotary bellows, is known to every mechanic. Thus, while pumps ha’ 
been used as bellows, bellows have been employed as pumps; and evei 
device to obtain a continuous current of air in the one, has been adoptc 
to induce an unbroken stream of water in the other. ^ 

The history of the bellows is also that of the pump; and if we mistal 
not it aifords the only legitimate source now open in which the origin ( 
the latter can be sought for with any prospect of success. Under tl: 
impression we shall examine the bellows of various people, and in doir 
so the reader will find an auxiliary, but very important branch of the su 
ject, illustrated at the same time, viz. that which relates to valves, for tl 
bellows was probably the first instrument of which they formed a pa] 
No other machine equally ancient can be pointed out In which they we: 
required. In fine, the forcing pump is obviously derived from the be 
lows, or rather it is an application of that instrument to blow water i 
stead of air— -an application probably coeval with its invention. 

The origin of the arts is generally considered as a subject of mere co 
jecture. Antiquarians and historians despair of discovering any thing c 
importance relating to the early history of any of the simple machines. 1 
the present case, however, there can be no doubt that the bellows wi 
the mouth ; and it was the first pump too, both atmospheric and forcin 
The representation of it when employed as a bellows was a favorite sul 
ject with ancient statuaries and painters. Pliny gives several example 
and among others, Stipax the Cyprian, who cast an elegant figure of 
boy roasting and frying meat at the fire, puffing and blowing there 
with his mouth full of wind, to make it burn.” Aristoclides, was also cel 
brated for a painting of a boy, ‘^blowing hard at the coals ; the whole h 
terior of the room appeared to be illuminated with the fire thus urged b 
the boy’s breath, and also what a mouth the boy makes.” Holland 
Translation. 

That the bellows is of antediluvian origin, there can be little doub 
for neither Tubal Cain nor any of his pupils could have reduced an 
wrought iron without it. The tongs, anvil and hammer of Vulcan, (or Tubi 
Cain) have come down to our times, and although the particular form c 
his bellows be not ascertained, that instrument is, we believe, as certain! 
continued in use at the present day, as the tools just named. Nor is thei 
any thing incredible in such belief, for if even the common opinion, thj 
the whole globe was enveloped in the deluge, be true, Noah and his son 
aware that the destinies of their posterity, so far as regarded the arts o 
civilization, must in a great measure depend upon them, would naturall 
secure the means of transmitting to them the knowledge of those mj 
chines that related to metallurgy, as among the most essential of all. O 
these, the bellows was quite as important as any other ; without it, othc 
tools would have been of little avail. Now if we refer to oriental mi 
chinery, (among which the bellows of the son of Lamech is to be foun 
if at all,) we shall find, in accordance with its characteristic unchangeabh 
ness, that the instrument now used over all Hindostan and Asia in gen< 
ral, and by the modern blacksmiths of Cairo and Rosetta, is identical wit 


that with which the smiths of Memphis, and Thebes, and Heliopolis, 
urged their fires, between three and four thousand years ago, and is similar 
to those found figured in the forges of Vulcan on ancient medals and 
sculptures. Numerous were the forms in which tho bellows wa,s anciently 
made, but the general features of the one to which we allude, (tlu', lantern 
bellows) have remained as unchangeable as those of blacksmiths tlnnn- 
selvQs. 

Strabo attributed the bellows to Anacharsis who lived about GOO ytiars 
B. C. but it is probable that some particular form of it only was intendcil, 
for it is not credible that the Greeks in Solon's time could have been igno- 
rant of an instrument that is coeval with tho knowledge of metals ; arui 
without which the iro7i money of Lycurgus, two centuries before, could 
never have been made. Pliny (B. vii, 56) attributes it with greatc^r pro- 
priety to the Cyclops, who are supposed to have flourished before tiu^ 
deluge. The prophet Jeremiah, who lived long before Anacharsis, speaks 
of it in connection with metallurgical operations. *'The bellows art! 
burned, the lead is consumed of tho fire, tho founder rnelteth in vain.'’ 
Isaiah, who lived still earlier, viz. in the 8th century B. C. alludes to tho 
blacksmith's bellows — '‘the smith that bloweth the coals iti the fire." And 
Job, nine or ten centuries before tho Scythian philosoplmr flouri.sh(»d, 
speaks of “a fire not blown." The prophet Ezekiel also speaks of the 
blast furnace as common — ’“they gather silver, and brass, ami iron, and 
lead, and tin, into the midst of tho furnact!, to blow the fire upon it to imdt 
it" xxii, 20. Homer, as might supposed, coukrnoi fully dt'seribo 
the labors of Vulcan, without referring to this instriuntnit. liis acrouni: 
of the great mechanic at work, is mjually (hascriptivas of a smith ami his 
forge of the present day. 


Obscure in Huiokc, Inn forges fimning round, 

While butluul in sweat from fire to fire ho flow ; 

And puffing loud, tho roaring btdlows blew. 

* m * 

Just as the god directs, now loud, now low, 

They raise a tempest, or lliey gently blow, 

Iliad, xvni, 435, 545. 


The first approach made to artificial bollowa was the application of a 
reed or other natural tube, through which to dir.jct a Htnnini of air ihmi ibo 
mouth— a device that has never passed into de8^etu(^t^ Kuch was tl«. od- 
gm of the modern blow-pipe, an instrument originally .l.-sig.u-d to inrrea.H.t 
the intensity of ordinary fires, but which HubBeiiuentfy bcHuiine (as the arts 
were developed) indispensible to primitive workers in metal. How lo>,.' 
blowing tubes preceded the invention of other dtndtuts for the same pur- 
p^ose IS uncertain,- but from the fact that oriental jewtders ami goldstnitlm 
still fuse rnetal in pots by thorn, it may be inferred they were ilm only in- 
struments m use for ages, before tho bellows proper was known : a cirmim- 
stance to which their universal employment over all Asia at, the present, 
time may be attributed, and the skilful management of them by me elianies 
: 'n for urging'’ fires in primitiv/rim..s. Zn 

die East their dexterity m this respect would be inherited by their ehil- 
dren, and be retaincnl m connection with their ust‘, with that tonacifv rhar 
^as scarcely ever been known to give up an andent tool ii:;. ''LL m 
mode of usinpt: hence the paucity of their implements; a (He, a linm- 
mer, a pair of tongs, and a blowirnr rnlw* , 
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the atmospheric pump, we here insert some of blowing tubes, as showing 
the incipient state of the forcing pump. 


No. 9& Egyptian using a reed. 1600 B. C. No. 99. Ancient Egyptian Goldsmith. 

No. 98, represents an Egyptian blowing a fire with a reed. It is from 
the paintings at Beni Hassan, and extends back through a period of 3,500 
years. According to Mr. Wilkinson, the figure is that of a goldsmith, 
“ blowing the fire for melting the gold,” but from the comparative large 
size of the vessel, it would seem rather to be a cauldron in which the ar- 
ticles were pickled. No. 99, is the figure of a goldsmith either soldering 
or fusing metal with the blow-pipe, from the sculptures at Thebes. The 
portable furnace has raised cheeks to confine and reflect the heat. The 
pipe is of metal with the end enlarged and pointed.*^ 

Sonnerat, has given (in the volume 
of illustrations to his voyages,) a plate 
representing modern goldsmiths of 
Hindostan, from which the annexed 
figure (No. 100) is copied. It will 
serve to show, when compared with 
the preceding cuts, what little chan- 
ges have taken place in some mechani- 
cal manipulations in the East, from 
very remote times. A similar figure is 
in ShoberFs Hindostan. The same 
mode of fusing their metals was prac- 
ticed by the ancient gold and silver 
smiths of Mexico and Peru. Instead 
of bellows, says G-arcilasso, the latter 
had blow-pipes ‘‘made of copper, 
about a yard long, the ends of which 
were narrow, that the breath might pass more forcibly by means of the 
contraction, and as the fire was to be more or less; so accordingly they 
used eight, ten, or twelve of these pipes at once, as the quantity of metal 
did require.” (Commentaries on Peru, p. 52.) 

The next step was to apply a leathern bag or sack, formed of the skin 
of some animal, to one end of the tube (shown in No. 80) as a substitute 
for the mouth and lungs. The bag was inflated by the act of opening it, 
^ by blowing into it, and its contents expelled by pressure. To such 
Homer seems to allude in his account of Eolus assisting Ulysses: 

The adverse winds in leathern bags he braced, 

Compressed their force, and locked each struggling blast. Odys. 10. 



No. 100. Goldsmith of Hindostan 




^Ancient bronze tongs or forceps, similar to those in the cut, have been found in 
which retain their spring perfectly. Crucibles similar to those used at the 
present day have also been discovered. Wilkinson’s Manners and Customs of the An- 
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And Ovid: 

A largess to Ulysses he consigned, 

And in a steer^s tough hide enclosed a wind. Met. xiv. 

The goldsmiths’ bellows of Barbary consists of a goat’s skin, having a 
reed inserted into it: ‘he holds the reed with one hand and presses the 
bag with the other.’ (Ed. Encyc. vol. iii, 258.) The Damaras, a tribe of 
negroes in Southern Africa mentioned by Barrow, manufacture copper 
rings, &:c. from the ore. The bellows they use, he observes, ‘‘is made of 
the skin of a gemsbok, (a species of deer) converted into a sack, with the 
horn of the same animal fixed to one end for a pipe.” 

Simple instruments of this description have always been applied to 
eject liquids. Small ones were commonly used by ancient physicians in 
administering enemas ; a purpose for which they are still used. Large 
ones were recommended by Apollodorus the architect, a contemporary of 
Pliny and Trajan, as a substitute for fire engines, when the latter were 
not at hand. When the upper part of a house was on fire, and no ma- 
chine for throwing water to be procured, hollow reeds, he observed, 
might be fastened to leathern bags filled with water, and the liquid pro- 
jected on the flames by compressing them. 

As the current of wind from a single sack or bag, necessarily cea8(nl 
as soon as it was collapsed, some mode of rendering the blast continuoini 
was desirable ; and in the working of iron indispensiblo. Tlie most ob- 
vious plan to accomplish this was to make use of turn bags, jind to work 
them so that one might be inhaling the air, wliilo the other was oxptjlling 
it — that is, as one was distended, the other miglit be compressiHl. This 
device we shall And was very early adopted, aiul by all the nations of 
antiquity. 

.But by far the most important improvement on the primitives bellows or 
bag, was the admi.ssion of air by a sejxjtrate (rp&nmg — a contrivances that 
led to the invention of the valve, ones of the most esssential eltsrnents of 
hydraulic as well as pneumatic machinery. The first approach to the 
ordinary valve, was a device that is still common in the bellows of Homes 
African tribes. A bag* formed of the .skin of a goat, has a na'd aUjuslusd 
to it to convey the blast to the fire ; and the part whicli cov(sr(sd tins msek 
of the animal is left open for the admission of air. This part is gathered tip 
in the hand when the bag is compressed, and opened when it is distended. 



No, 101- Bellows of the Foulah Blaaksmiths. 
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of two calabashes connected together by two hollow bamboos or reeds, In- 
serted into their sides, and united at an angle to another which leads to the 
fire, as represented in the figure. A large opening is made- on the top 
of each, and a cylindrical bag or tube made of soft goats’ skins stitched 
or otherwise secured round the edges. The workman seats himself on 
the ground, and placing the machine between his legs, he grasps the ends 
of the bags, and by alternately raising each with the mouth o^en, and 
pushing it into the calabash when dosed,, the air in the latter is forced 
into the fire, and a uniform blast maintained. The action is very similar 
to that of gathering in the hands the lower edges of two hat linings, and 
constantly drawing one out and thrusting the other in. 

The negroes of the Grold Coast are represented to have other kinds of 
bellows. The principal tools of their smiths, are “a hard stone for an 
anvil, a pair of to^ngs and a small pair of bellows, with three or more 
pipes, which blow very strong — an invention of their own.” We have 
not been able to find any description of these. See Grand Gazetteer, 
Art. Guinea ; and Histoire Generale, tom. v, 214. 

Another species equally simple but more efficient, is common in Asia, 
Africa, and also in Wallachia, Greece and other parts of Europe. The 
contrivance for admitting the air is an improvement upon the last, but the 
orifice is still opened and closed by the fingers of the blower. Instead 
of the mouth of each bag being drawn up in the hand, it is stretched out 
in the form of a long slit; to the lips of which two strips of wood are 
sewed. The inner side of each strip is made straight and smooth, so that 
when brought together, they form a close joint. They are grasped in 
the middle by the workman, who alternately opens them when he raises 
the mouth to admit the air, and closes them when he expels it. 

No. 102 represents the assist- 
ant of a Hindoo blacksmith, urg- 
ing his fire with a pair of these 
instruments, (copied from the 
volume of plates to Sonnerat’s 
Voyages.) From an inspection 
of the figure, it will be perceived 
that the strips facilitate the act of 
compressing each bag, by their ex- 
tending quite over it, as well as by 
their stiffness: in these respects 
they may be considered as the 
nucleus of the boards in the com- 
mon bellows. In this device, the 
No. 102. Primitive Bellows of Asia. becomes further developed. 

To similar instruments, Mr. 
Emerson refers in his ^Letters from the Egean.’ The crew of a Hy- 
driot vessel having taken her ashore at Paros to repair the iron clasp of 
her rudder, an opportunity occurred of examining their bellows. Mr. E. 
describes them as ‘^a very antique device,” consisting of “ two sheepskins, 
united by an iron pipe introduced into the fire, which were alternately 
dilated with air and compressed, by an Arab slave who knelt above 
them.” With the exception of their not being made of bull’s hide but of 
sheepskin, he observes they would completely suit the description of the 
bellows given by Virgil in the Fourth Georgic. Blacksmiths in Ceylon 
use the same kind, but made of bullocks’ hides, and furnished with noz- 
zles of bamboo. The blower seats himself on the ground between the 
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)wn the other. (See a figure in Davis’ history of that island, and also 
the Register of Arts, voL i, 300.) The ihniestic bellows <d hgypt w 
ade in the same way, and probably has always been so : to it, Job most 
cely alluded, (chap, xx, 26.) “The ordinary hand bellows now xmA 
r small fires in Egypt, (says Mr. Wilkinson) are a sort of bag made of 
e skin of a kid, with an opening at one end like the mouth of a ecunmon 
Tpet bao", where the skin is sewed upon two pieces of wood; and thofio 
jing pulTed apart by the hands and closed again, the bug is 
)wn and the air thus forced through the pipe at the otht^r tuul.*’ 

The next improvement seems to have been that by which the sht wit>i 
.perseded by a flap or clack, so as to be self-acting, as in the ord mii ry 
uropean or American bellows — in other words a valve, that optuaul by 
e pressure of the atmosphere when the bag was raiscul, and whi<?h wmm 
D sed by its own weight or by the elasticity of the confiniul air. Anumg 
e interesting discoveries which recent examinations of Egyptian inonu 
ents have brought to light, figures of such bellows hav(! tamn found 
ulptured in a tomb at Thebes, which bears the name of Thothmo*^ III, 
e of the Pharaohs who was contemporary with Mostrs. No. 103 rt^pn* 
nts four employed at one fire, each pair being worked by the bantU atsd 
Bt of a laborer, and in a manner singularly ingenious and ofieeuve; pr< »v > 
g that the Egyptians of those times well knew how to f‘oiubii»^ nmnni* 
[* energy with the weight of the body to produce a uiaxinmrn 



The bags were secured to frames or to tlu? ground, and appear ih hme 
d rings of cane within them to ketsp the huitiu^r «?xtendo<l in a 
'ection. A separate pipe proceeded from each to the fire. The mhtm 
clacks are not shown because being plaetni umlerneiiih i!ii*y were out 
sight. In working them a laborer stood upon two, cuie undt^r I'lit h 
)t, and taking two cords in his hands, the lower omls of %vhieh w«-rr 
jured to the top of ^ the bags ; he alternately restetl Inn weii|lif 
on each to expel the air, and inflated them when exhausted by pulliug 
j cords; thus the whole weight of his body was inunterruiifedly i-iii 
>yed in closing one bellows, while the muscadar fonto tif Ids iiriiH wfii 
essantly engaged in opening another. We c|ue8tion if a timm siiii|»!o 
i eihcient application of human (dfort can bo proclucinl. 

Such bellows were used in Egyptian kitcliens, and were indeed mu-r. 
•y when the massive cauldrons and huge joints of rm^at bidlril in liit.rn 
J considered.^ The same practice continued through the xmddle igt**, 
Jiiurope, when ^bellows blowr>t*fii^ i.' i 
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imperishable pages, deserves not merely to Ixs scrutinized, hut ueeurutely 
copied. Many of them are fraught with information of the lugliohi in- 
terest to the arts; and whether the mass of hieroglyphical reeoni.s ho ever 
understood or not, there is no difficulty in compreliontliiig tlu‘ most m- 

teresting of these. r ■ 

One of the figures in the last illustration is obviously a inodillc’alion (»l‘ 
the fid lantern bellows (so named from its rtjsembliiuce t\w 
lantern, still common in Egypt:) they consist of two circular btjartb 
united to the ends of a cylindrical bag of flexible leather. In tlu' <’t*iirrc 
of one board is an opening covered by a flap opening invviinli^, nnd li> die 
other the tuyere is attached. In working them, the board, through whicli 
the air is admitted, is moved, and the other kept stationary, "rhe^ nrv 
quite common in Asia, Egypt, and generally throughout thv (tricnfid 
world; and appear to have undergone no change wliatever, either in their 
materials, form, or modes of working them, since the rerncUest tiintm: 
even working them by the feet, as practiced by Egyptians under the Fhti* 
raohs, is still common at the native iron-forgt‘s of Ck^ylon. Dr. Davy in 
his account of that island has given a figure of tluun, a copy of which in 
inserted in the Register of Arts for 1828, page 2(17 ; the (tords for raising 
them are attached to an elastic stick, instead of btiing Indtl in the hiuuk 
as in the two last cuts. 

They are used by modern blacksmiths of Egypt in a horizontal ptefirioii, 
(as in the next figure) and worked by an upright. whit'lj the u'i-ii '4 

ant pushes from and draws towards him. M. P. S. (llnird ha*J gu rn n 
figure and description of thorn in the Unimlr Description, tom. n, E, M. 
p. 618, planche 21. He ohstu'vn^s tliat tlu^ cop|)»‘r.Hinitle<i of ( *airo anti 
Alexandria use the same; and furtluu- tliat tliey are coinnmn in rht^ iiiio- 
rior of Africa: ^‘leur forme est prohahhmient tres liucienne. 11 rdsulro 
en effet de quelqucs resciguomens quo mhmt <lonnes des niart-tiandH venii« 
avec les caravanes de Dllrfour, que dtm souOlets de la tn^une forme umif 
employd par les peupltjs de Vintcricur de I' 

Lantern bellows were formerly common in Europe. They vven^ em 
ployed in old organs. Sec T/Art du Facteur dT)rgue», ArtsVi Mifiierei. 
p. 667, plates 132 and 135. Sometimes the blowers imd their feet tiwA 
upon the upper boards, and holding by a horkontal bar tln^y inflated tmo 
bellows by raising one foot, and cornpressial the otln^r by puMhim^ down 
the other foot. (Encyc. Antiq.) The scahilla of the Romans were ntmll 
bellows of the same kind, one of which was aUached to om^ four fin* ilni 
purpose of beating time, and with castarugs wem ustal to animitte ilitiirwi. 
Several are figured by Montfaucon. Tim ancients varimi llm forifi of ilm 
bellows almost infinitely in adapting tlumi to various pimiosan. 
were attached to altars to aid in the combustion of victims : one fin* fhiri 
purpose is represented on one of the Hamilton vnmts. Lanfern lielhov.i 
were also common in European Mast furnaces. No. IDfi .hIiow« fiudr up 
plication to this purpose, copied the De He Metiilliea of Apricolt 
Similar bellows, except the boards being of an oblong form lilu^ file min 
m 103, are common in Hindostan, and worked by hand ns in rhe 
figure, but without any frame to support them; the Idower finti 

works them m nearly a vertical position. See a figure in Shol„.rr« Hjn, 
dostan, vol. v, p. 9. 

The bellows of Vulcan were probably of tho wina- kin.l. 'rb.v.,. r.u.m- 
sented in tom. i, p. 24, of Montfaucorfs Antiquities, mmimr, * 

■portion of tnem io ‘ * - 
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Arts, wkicli contains some illustrations of the Eneid, executed in 

and 5th centuries, Vulcan’s forge is represented and the bellows bXo\Aer 

behind it, apparently with the same kind of instrument as here shown. 



No. 105. Lantern Bellows from Agricola 


That Vulcan’s bellows were not permanent Bxtures as those of our 
smiths are, but were similar to those figured above, appears from their 
having been laid aside when not in use, in common with other implements 
of the forge ; a practice usual at the present time in various parts of 
the east : and we may add that like modern blacksmiths of Asia, he sat at 
work. Thus, when his wife Charis informed him of the arrival of Thetis 
at their dwelling, he replied : — 

Haste, then, and hospitably spread the board 
For her regale, while with my best despatch 
I lay my hdlmos and my tools aside. 

He spake, and vast in bulk and hot with toil. 

Rose limping from his anvil-stock, 

Upborne with pain on legs tortuous and weak : 

First, from the forge dislodg’d he thrust ajpart 
His beUowSy and his tools collecting all. 

Bestowed them careful in a silver chest. 

And when he subsequently returned to make the armor which Thetis 
required for her son, he 

..... to his bellows quick repaired. 

Which turning to the fire, he bade them move . — JL Cotopsr. 

A singular circumstance is related by Herodotus, which shows that the 
same mode of obtaining a continuous blast, viz. by two bellows, (and in all 
probability by the same kind as those above figured) was employed by 
blacksmiths in ancient Greece. The Lacedemonians having been repeat- 
edly defeated by the Tegeans, sent an embassy to tbe Delphic oracle, to 
ascertain the means by which they could overcome them. Tbe Pythian 
assured them of success if they recovered tbe body of Orestes, tbe son 
of Agamemnon, which had been buried several centuries somewhere in 
Arcadia, the land of their enemies. Being unable to discover the tomb 
they sent a second time to inquire concerning tbe place of bis interment, 
when they received the following answer* 


Chap. 1.] 


Bellows Forcing Pumps* 


Ml 


A plain within th' Arcadian Jaiul I know, 

Where double winds with forced exertion i>low. 

Where form to form with mutual strengtli raplioH, 

And ill by other ills supported lies; 

That earth contains the great Atrides’ son ; 

Talce him and conquer : Tegea then is won. 

On the receipt of this, search was again made for the body without iutor- 
mission, and at last it was discovered in a singular rnamusr. At the* timo a 
commercial intercourse existed between the two countries, a Spiirtun env- 
alry officer, named Lichas, being in Tegea, happoited to visit a snuth at his 
forge, and observing with particular curiosity the process of workiuf^ the 
iron, the smith desisted from his labor and addressed bim thus: ‘‘Stninger 
of Sparta, you seem to admire the art which you contempiato; btu how 
much more would your wonder be excited, if you knew all tlntt I imi able 
to communicate ! Near this place, as I was sinking a wdij I found a 
coffin seven cubits long. I never believed that men were fonntirly of 
larger dimensions than at present, but when I optmed it, I iliicovi'riid a 
body equal in length to the coffin — I correctly xntuisured it, and placed it 
where I found it.” Lichas, after hearing tins relation, was inducuHl lo 
believe that this might be the body of Orestes, c(uicerning wlncti the 
oracle had spoken. He was further persuadt'd, when he recoliectini 
that the bellows of the smith might intimate the iwo trhuls; the anvil atid 
the^ hammer might express one form oppo.sing anotlier; th«* iron ahio, 
which was beaten, might signify ill succeeding ill, rigluly (‘oiH-eiving that 
the use of iron operated to tlio injury of inankiixl. 'I’Ih' result proved 
the sagacity of the Spartan : the body was r(*cov<*retl, luid finally the 
Tegeans, says Herodotus, were conquered. Clio, G7, fn’j. 



No. 106. Double Ljintern Bellows Pump. No. Un. Sktgh Forcing Vump. 


Ihe application of lantern bellows as forcing pinn])H in, without drnibt 
ol great antiquity : their adaptation to raise water wan tcHi ekvem, nef te 
have been early perceived, and hence we infer that rh<*y wrre at Imiit or. 
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come into general use, even in modern times, a particular account of 1 
previous to the art of printing, is not to be expected. A writer ii 
Grande Description of Fgy])ty describing the smith’s bellows of that c 
try, observes : — Ces sortes de soufflets ^toient employes verticalei 
dans le seizieme siecle tant pour animer le feu des forges pour e 
V eau, soit en rarefiant Tair soit en le comprimant ; ils sont decrits 
Touvrage de Bamelli, imprime en 1558.” 

No. 106 represents a double lantern bellows-pump, as used in the 
century. The mode of its operation is too obvious to require det 
description. As one bellows is distended by working the lever, thi 
mosphere drives water up the suction-pipe into its cavity ; and the ( 
at the same time being compressed, expels its contents through 
ascending or forcing pipe : the valves at the lower part of the latter, 
those over the orifices of the two branches of the suction-pipe opening 
closing, as shown in the figure. There is a pump similar to this 
geared in a different manner, in Hachette’s Traite eBmentaire des m 
nes. Papin, in a way to raise water, which he proposed enigraati 
in the Philosophical Transactions in 1685, used the lantern bellows 
forcing-pump. In a solution by another writer, it is said A v 
made like the body of a pair of bellows, or those puffs heretofore use 
barbers being filled with water, a piece of clockwork put under it, 
produce the jets.” Phil. Trans. Abridg., vol. i. 539. A similar a 
cation of the bellows was described in Besson’s Theatre, in 1579 
moveable board being impelled by a spring. 

No. 107 is another example of bellows forcing-pumps. It coi 
©f the frictionless piston of Grosset and Deville, (No. S3,) but withe 
valve ; a forcing or ascending pipe, having its lower orifice covered 
valve, is attached to the cylinder below the piston. Pumps of this 
have also been made double acting, by passing the piston rod throu 
stuffing box on the top of the cylinder, and by a double set of v? 
arranged as in the pump of La Hire. 

Of late years machines like those figured in the two last cuts, have 
reintroduced info Europe and this country. ' 

Although we have not heard of any one having run out of his wit 
joy at their discovery, like the blacksmith mentioned by Cardan, we ! 
heard of some who were nearly in that predicament from disappoint] 
in having found themselves anticipated. A few years ago they wen 
nounced in this city as a new and very important discovery ; and se'^ 
gentlemen allowed their names to go abroad as vouchers of their ori| 
lity and superiority over the common pump. 

The proofs of the antiquity of many of our ordinary utensils are dei 
from representations of them on vases, candelabra, and other worl 
art that have come down. Of this, the domestic bellows is an exam 
the only evidence of its having been known to the Greeks or Bon 
is furnished by a lamp ; but for the preservation of which, it might 
been deemed a modern invention. Of no other article of ancient he 
hold furniture are more specimens extant than of lamps, and not a little c 
public and private economy of the ancients has been illustrated by t 
ikrao'ig those in private collections and public museums, are some 
were once suspended in temples, others that illuminated theatres 
baths — that decorated the banqueting-rooms of wealthy patricians, as 
as such as glimmered in the dwellings of plebeians ; the former ai 
bronze, elaborately wrought and enriched, the latter mostly of ean 
ware. The fertility of conception displayed in these utensils is wondt 
All nature seems to have been ransacked for devices, and in modil 


CKap. 1.] Bellows Pumps from Eirclier, 243 

them, the imaginations of the designers ran perfectly wilt! ; whilt> niiuiy 
are in their forms and decorations exquisitely chaste, otluTs are bizarre 
and siome are obscene. There is one of bronze on which iiti imh viduiil is 
represented blowing the flame with his mouth, as in the act of kiiuilinjf n 
fire; and in another the artist has introduced, as an appnjpriate t*tiibel!i,Mh' 
ment, a person performing the same operation with ii piar of bidlou n, td 
precisely the same form as those in our kitchens. N(k 108 in a ligtiro of 
this lamp, from the 5th volume of Montfaucon’s Antlcjuities. 




has 

from jxircner s iviunaus Cjubterraneus, tom. i., p. 
it represents two large bellows employed as sucking and forcing piiriip^ 


|nifnj'Hi 
Iblib 


, £ ^ v.v* fill 

being worked by a water wheel, to the axia of which the crunk' rt'i>i.- 
sented was attached. 

J3ellow|3 like the last and worked in a similar maimer, w'i*re aij 

cient devices for ventilating mines : the variouH nioden of ttdiijuuHr tii.-in 
to the purpose maybe adduced as another examjile of their uimiin;v 
pumps. Sometimes they wore used to force down frenh air in Hullii’i.-nr 
quantities to render the impure and stagnant lUrnoHj.here l.chtw n- > 0.11 a 
ble; at others they drew the foul air up. In the lir-it cn>«., thev wen- 
placed near the mouth of the shaft, a jiipo was atlaclied to the nimile ati.l 
continued down to the place where the miners worked, anti w!j«itt fhe h«*! 
lows were put in motion, currents of fresh air went sitpiilieil. In tin- 
latter case, the pipe was connected to the ojH-nitig in tint under Imard, i. e. 
to the aspirating valve, through which the impure air wa* tlrawn. umi 
then expelled out of the nozzle; hut in this case lunt.'tpiring vidvf w.i-. 
required in the nozzle, opening outwards to prevent air from eni.-nne 
through It w-heh the bellows were again distended. The same r.-Mih « 
soitaetimes obtained in the following manner : An orioning was nmd.- i.n.l 
covered by a valve in the upper boaul instead ol the lower one. nu.i 
When the bellows were distended, tlui impure air ruiib«Hl y|» th*. pip,. 
which was attached to the nozzle, and was CKpellcd flirmigh fbi^ npi LiLf 
covered by the flap when the bellows wcto ciiHi^d. S«n‘iTid Immm rr ' 
presenting these and other applications of bellows arc bv k|irir.«b.| 

Goguet observes that dra ft fnrnn./.c« 
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use of fire, and naturally led to the use of the mouth to blow it, tl 
reed, sack, and subsequently a slit or valve in the latter, would fo 
an almost necessary sequence ; and long before the idea of increas 
intensity of heat by flues or chimneys could have been thought ( 
natural occurrence could have led to the invention of these be£ 
other, nor has there, as yet, been found any account or represenu 
draft furnaces of equal antiquity with those of bellows. 


CHAPTER II. 


Piston Bellows : Used in water organs — Engraved on a medal of Valentinian — ^Used ii 
Africa. Bellows of Madagascar. Chinese bellows : Account of two in the Philadelphia 
Remarks on a knowledge of the pump among the ancient Chinese — Chinese bellows simil: 
construction to the water-forcer of Ctesibius, the double acting pump of La Hire, the cylindr 
engine, and condensing and exhausting air-pumps. Double acting bellows of Madagascar 
ignorance of the old Peruvian and Mexican smiths of bellows : Their constant use of blown 
proof of this— Examples from Asiatic gold and silver smiths — ^Balsas — Sarbacans— Mexic 
Natural bellows-pumps 1 Blowing apparatus of the whale — Elephant — ^Risc and descent of i 
raals — Jaculator li^h— Llama— Spurting Snake — Lamprey — Bees — The heart of man and anim 
human being a living pump : Wonders of its mechanism, and of the duration of its motions an 
-r-Advantages of studying the mechanism of animals. 


The bellows described in tbe last chapter are all formed of le? 
skins, and are obvious modifications of tbe primitive bag or sa 
wooden ends of some of them being adopted merely to facilita 
distension and collapsion. From tbe simplicity of tbeir construct 

general efficiency they still 



No. 110. Roman Piston Bellows. 


place in our workshops and 
ings, and are in no danger c 
replaced by modern subs 
but tbe ingenuity of ancient 
makers was not exhausted o 
for they had others, difleri 
in form, materials and mod 
tion ; viz : piston helloios; n 
identical with cylindrical 
pumps. At what time the 
first devised we have no a 
but as they are described b 
vius, in his account of hydr 
gans, without the slightest 
tion of their being then o: 
date, they may safely be 
among those inventions, th 
of which is too remote to 
covered. 

No. 110 represents a perse 
ing two of them to supply ^ 
a water organ, from Barb? 
truvius, Venice, 1567. They 
stantially the same as those 
by Perraiilt and Newton 


translations, and by Kircher in his Musurgia Universalis, (tom, 


Chap. 2.] 


Piston Bellows of Mindanao. 




The blower, by alternately raising one piston and depressing- rlie 

'TkiirnTMa/l cm* Tnfrk a lavrr/a yoaiawniT* • tln« IXTsyst tl.fi At^t'Vri 


„ ^ . .. Of her, 

pumped air into a large reservoir: this was an open vesstd invin'Ct il 
into another containing water, and as the air acciiinulate<l in tlir‘ ibrniei% 
the liquid was gradually displaced and rose in the latter, as in a |;as 
holder. It was the constant pressure exerted by this displatHnl water 
that urged the air through the pipes of tlie organ, whenever tiu^ valvi**; fbr 
its admission were opened. The question, perhaps may asketh Why 
did the ancients prefer these bellows in their organa to thoHe ftirnu’il uf 
leather and boards, such as are figured at Nos. 105, lOB, iOO 1 !h‘ulnil»Iy 
because die pressure required to be overcome in forcing air into the re-ier 
voirs was greater than the form and materials of tluis lattt*r etmlti 
bear. It is very obvious from the brief description of the pisttui hellttwei 
of the Romans, that they were calculated to procltice much atronger 
than could be obtained from those made of leather. VitmviuH infomiH ih 
that the cylinders and valves were made of and fh® jiiiiftmH weri» 

accurately turned and covered (or packed) with 8tn})H (tf urtiitoni nhciqr 
skins. They seem to have been perfect conderiHing uir-pampi. 

A figure of an ancient hydraulic organ k prestu'viul on a linHlal Vnl* 
entinian : two men, one on each side, are n'prt'scnted an ptuiipin|| imd 
listening to its music. This medal is engrav(Hl itt rlu^ third voIuok* i,f 
Montfaucon's Antiquities, (plate 26,) but the piston ro.Is only aro in sii jtt ; 
the top of the cylinders being level with the i)as<‘ on which tlo’ bhiuor*i 
stand. 

As piston bellows were known in the old world, it might b*^ ‘nijo**. ,rd 
they would still be employed in those parts of the hhist wlnn-e lir ui t'i 
and customs of former ages have been niorc^ or loss rtdigiounly 
Such is the fact; for like other deviees of uneiont e.oinnuin lilo, ih«*y fire 
used by several of the half civilmul tribes of Asia and Ainm^mmpku 
among whom we are sure to meet with numerona primitive eonfriviifirofi] 
embodied in the same rude fonhs and materials ai tla^V wort% boffirtt 


Grecian taste or Roman skill improved them. It is tdiiollv to rbo 
cidentahobservations of a few travelers that wo are irKlobrotribr a kit 


in ■■ 

ledge of these implements m modem da^ys; but wh.-ti ih,- li.,.,- , 
for voyages of discovery to bo undertaken for tlio t)tiri.o.M- of .Ir H ub.t.r 
the machines, manufactures and domestic. uten.silH of (h.. vari.ari 
of the ear*; (undertakings of ctpial imporliUKa; witii any otb.-i-,; ibrs,, 
bellows and their numerous modifications will fnnii.sli nmtonulr, f.r a 
ter in the history of the useful arts that will bo roploto yvitb i...o,v«tir« 
information. As they are clearly ulentifiod with iho f an 

acmuntofsomeofthomwillnotheoutofplaiK'. ' ' » - «* 

Dampi^ thus describes the bcllowH uHt‘d liy the bliickfUiiiflin nf dim- 

fhZTf “■ cylinder, tlio trunk of a n-o,-. about 

three feet long, bored hollow like a pump, and set uprigltt on iho luoiiii.l- 
on which the fire itself is made. Neilr the lower tuu tlwre i , „n U 
in the side of the trunk next the fire mad<i to receive" l.e 
which the wind is driven to the firc' bv ii i/reiif biifirh r r * c i ” 
fastened to one end of a stick, wl.ich clStl^", 1 r':i “ ’ ' 

dnves the air out of the cylinder through t L T a J 


Aem may work them both at once, one with each haml ”» Hit • •< i 
both the single and double chambered foreiug-puiui.' o,.! -d h 'u ’i'Vj’*"’ 
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In tke bottom there are two iron funnels, and in the inside 
of each trunk a sucker furnished with raffia, which supplies the place of 
tow. The apprentice, whose business it is to use ffiis maclnne,_ alternately 
sinks one of ffie suckers while he raises the other.’ ^ Similar implements 
are also used in smelting iron as well as in "pe 

of Ellis’s “ History of Madagascar,” Lon. 1838, ffiere is a representaUon 
of two men reducing iron ore by means of four piston bellows. No. Ill 


IS a copy. 



No. 111. Piston Bellows of Madagascar. 


The fdrnace is described as a mere bole dug in the ground, lined with 
rude stonework and plastered with clay. It was filled witb alternate 
layers of charcoal and ore, and covered by a conical roof of clay, a small 
opening b6ing left at the apex. The bellows were formed of the trunks 
of trees, and stood five feet above the ground, in which they were firmly 
imbedded. The lower ends were closed “ air tight, and a short bamboo 
tube conveyed the wind from. each* to the fire, as represented. ** A rude 
sort of piston is fitted to each of tlie cylinders, and the apparatus for rais- 
ing the wind is complete.*' As no mention is made of valves nor of the 
openings through which air entered the cylinders, it is probable that the 
pistons were perforated for that purpose, and the passages covered by 
naps or valves opening downwards, a device which the artificers of 
Madagascar are acquainted with. See No. 114. These bellows are of 
various sizes, though generally from 4 to 6 inches in diameter. Sometimes 
only one is used, but it is then made of larger dimensions, and the blower 
stands and works it with both his hands. To do it conveniently, he raises 
himself on a bank of earth. The bellows are not always perpendicular, 
but are inclined as figured in the back ground of the cut. 


Southern Asia and Western Africa, 


Chap. 2.] Southern Asia and Western Africa, 

‘The blacksmiths of Java use the same kind. Riiflles, in his History of 
;he Island, (2 vol. 193,) after quoting Danipier’s descripfioii of the Ik*!- 
ows of Mindanao, observes his account ‘‘exactly coiTt‘Sj)ou(is” with 
hat of Java. “The blacksmiths^ bellows o£ SujnatrUy^^ says Mr. Mnrsdon, 

‘ are thus constructed : two bamboos of about four inches tliainetio* and 
lye feet in length, stand perpendicularly near the fir*% open at the 
ipper end and stopped below. About an inch or two from the luittoni a 
mall joint of bamboo is inserted into each, which serve as uozzh's, pelnr- 
Qg to and meeting at the fire. To j^i'oduce a stream of air, of 

sathers, or other soft substance, are worked up and down iti the upright 
iibes like the piston of a pump. These, when pusluHi <Iown wards, force 
le air through the small horizontal tubes ; and by raking atul siiiking 
ach alternately, a continual current of air is kept up.”« Thi^ Btishtr 
slanders use the same kind of bellows.<i The smiths of Ball tlmn 
iso: “their instruments are few and simple, tluur forge wniill, and 
worked by a pair of upright bellows, such as wo find deHcrilHu! in llaf* 
9s’ Java.’’® They are not confined to southern Asia and the Kthiopian 
.rchipelago, but are used in continental Africa. “ The Indiows oi' the 
2gro artificers on ike Gamljiaf are a thick reed or a hollow piect^ of wood, 

: which is put a stick wound about with feathers, [a piston,] wliich by 
oving of the stick, makes die wind.”^ 

Without entering into the controversy respecting tin* origin of woodiui 
illows, it may be inferred from the preceding (‘xtracts, thar sucli have 
jen in use from remote times ; and that tlu^ (^yiimlrical forciii*; pump, r;o 
r as regards the principle of its constru<-d<)ii,‘is (‘(piaily ancient: of tlda, 
e instrument now to be described, affords anoiluu* imiication. It is thl 
illows of the inost numerous and most singular of nil <*x!sting |>i*ople---. 
people, the wisdom of whoso government lias prestnwtul them ns a na-* 
n, through periods of time unexampled in the history of dm world, imd 
nch still preserves thorn amidst the prostration by Enroptui.n etnu«litv tif 
aHy all the nations around themj a people, too, who notwir.hHfunriiiie 
that our vanity may suggest to depreciate, hav<i furnished cndtlence o^ 
excellence m some of the arts that never has hmn KurpasHtul. 'fhe 
mescy like the ancient Egyptians, whom gnsitly rcs(un!»lc, hiiw 
3n the instmctors of Europeans in several of the u.s(‘fid arts; but tlu' mo 
s, like the Greeks of old, have often refused to acknowlodoc flic mnm^^ 
lence many inventions possessed by tlnun W(»re d<*rivcd, bin huvo 
imed them as their own: of the truth of this nunark, wo need onlv 
ntion frintmgy the mariner's compassy and gunpowder ' 

n the bellows of the Chinese, wo perceive tim chnraqtoristie ingoimif y 
1 ongmality of that people s invent, lon.s. A description ntul figuro of r hou- 
lows were published in Lmidon, 1757, by Mr. (Jlnunlmrs, ini, work on- 
A Designs of Chinese Buildings, Furniture, I)ro8w>.s, Miichtnos un.l 
insils^^from drawings made in China.” The following nnt fnl.n 

iliTed Repository,” a very iLirostiug work 

shed at Canton in China, is sulistantially tlio same. ” Tho b.dlows 
d by them is very aptly called ‘ Fwi^ ticAng, ‘ svind box' ami i« 
tamed in an oblong box about two feet long, ten inches hisdi and «i* 
les wide. T^hese dimensions, however, vary according to tlie'whitit of 
To"'"of’tr‘^ they occur from «>/.,! ineJm, to i„r foot or tnore in leinn} j 

te idea of the principle upon which it is constru.L.l." ^ 
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Chinese Bellows^ 


[Book in. 


“ A, B, C, D, is a box divided into two chambers at the line O H. In 
the upper one is the piston E, which is^ moved backwards and forwards 
by means of the hmdles attached to it; and is made to .fit closely by 

means of leather or paper. 
The lid of the box slides 
upon the top, and is suffi- 
ciently thick to allow the 
workman to labor upon it. 
At F J are two small 
holes each covered with a 
valve ; and just below 
No. 112. Section of a Chinese Bellows. them, at O H in the divi- 

sion of the two chambers, are larger holes, for the entrance of the 
wind into the lower chamber. This part of the bellows is made of a 
thick plank, hollowed into an ovoid form, and is about an inch thick. 
The clapper G is fastened to the back side of the box, and j)lays hori- 
zontally against the two stops placed near the mouth I. It is made as 
high as the chamber, and when forced against the stop, it entirely closes 
the passage of air beyond. When the piston is forced inwards, as repre- 
sented in the cut, the valve at F is closed, and that at J is opened ; and 
thus the upper chamber is constantly filled with air. The wind driven 
into the lower chamber by the piston urges the clapper Gr against the 
stop, and is consequently forced out at the mouth. The stream of air is unin- 
terrupted, but not equable, though in the large ones the inequality ’is hardly 
perceived. An iron tube is sometimes attached to the mouth which leads 
to the furnace, and in other cases the mouth itself is made of iron.^' The 
Chinese generally use them in an inclined or horizontal position, frequently 
making use of the upper side as a work bench. In the figure (and die 
one given by Chambers) two rods are connected to the piston to prevent 
it firom springing when used : this appears to be the practice with regard 
to those of large dimensions. In small ones a single rod is sometimes used, 
and the chamber is cylindrical. In the collection of M. Bertin, (a French 
minister and secretary of state in the former part of the last century,) 
which contained “ about 400 original drawings, made at Pekin, of die 
arts and manufactures of China ” a portable and single-acting bellows is 
represented as in the next figure.*^ 




“ This instrument is 
made like a box in 
which is a piston, so 
constructed that when 
it is drawn out behind, 
the vacuum which it oc^ 
casions in the box makes 
the air rush in with great 
impetuosity through a 
lateral opening, to which 
a sucker [a valve] is af- 
fixed : and when the pis- 
ton returns in an inverse 
direction, the sucker 
[valve] closes itself, and, 
Navarette preferred the 


a 


24 § 


ctnuiiu'clunm 
jf fuH’u 


Chap. 2.] CUmse Bellows in the PhUaMfMa Museum. 

Chinese bellows to the European one. * j'lva h^vi 

and efficient.** It is employed to some extent m J a, 

duced from China.' written wo have tw.. 

Since the remarks were ^ Phll.a.-iphia. 

bellows from China, m the splendid C ^ fbnntnl ui' u fvliu- 

cdmlet handle. Air is admitted through a cluster of five in sin. smal < • . 
m each end, which are covered in the inside by paper flaps: 

BduSon v;ives, marked J F in No. 112. Alo.tg one mile ui the hollow, 
a strip of wood 2 J inches wide card Ij thick, is secured, Ijy what .tppoam 
to be eight small thumb screws, and die junction made Uglit h^ eeimnil <>i 
wax; this projecting piece resembles diosc on the sides tit high prensuiti 
steam-engine cylinders, and is intended for a soinowhat snmliir jiuiptiati, us 
interior being hollowed into a passage for dio wind when expelled by the 
piston from hither end of the cylinder. A short metallic luho couvev.s 
the wind from the middle of this piece to die turuace tis m. No. 1 U. I Ui 
ends of the bellows are secured from splitting by two thin luul mrnm 
iron hoops, and at one place a small clamp is driven m-ross a crark, an t?i 

sometimes practiced in mending wooden bowls. Tin? ni.struinrnf ro^fm* 

bles the one in the last figure, but is double acting: the figurt^ lA tlw urtm 
accompanying it is seated on the ground and works it witii tuio hand \\ hue 

he attends the fire with the other. i . 

The other bellows consists of along box one hgurod iit Ao. I Ui. 

From the circumstance of its not being confuKal in a ghwH ra:if% and piT’ 
mission to examine its interior having bium politely accorded, ^ve lind an 
opportunity of ascertaining some particulars that are not ment ioned in iinj 
puWished account of those instruments that has fallen in rmr wiiy. It m 
twenty-two inches long, seven deep, and five wide, made of thin Iwnirdi 
of a species of fir and extremely liAtt dia sides and ends are dovetidled 
together ; and the bottom appeared to bo Intended to slhle aver f he Midf^s, 
having strips projecting from it and no pins or nails visible ; this arnuigio 
ment enables a person to examine the intorior, and to rtiplace c»r repair iht' 
valves, &c. with great facility. The boards ofwhic'h the mficliiiie ei made 
are of a uniform thickness (about § of an incli) e*xc.ept the top, whicli is 
Ij inches. The reason for this extra thickness was pfTceivjnl m f^ooii ai 
it was removed, (it was secured to the sides and etuis by long wofMleii 
pins,) for a deep and wide groove is made through its whohi length wiili 
the exception of J of an inch at each end, and at tlui inidtlie of the groiive 
a passage is cut at right angles to it through oim min for tlu^ itir to jmi« 
into the tuyere. Upon the removal of this thick cover, tim infikle of iliti 
box was not exposed, for another thin one was found inserted wifliiii flie 
sides, and flush with their edges. This was a board sHppeti Itei wefui ilu’ 
sides and resting Upon the upper edge of the jaston, having iwti o|Hntiiie i, 
one at each end, which coincided with the gn»ove in the ounu’ niVfr, 
inner cover is represented by the line H O in No, jll2 ;) henct' flu* wind 
is driven by the piston alternately through each opening intt» thr 
and by the action of the valve in the middle of the latter, L-: ruin|,«i||iifl 
to pass into the tuyere. This valve is represtnitcd at <1 in Nu. ||:i, 
and from an inspeetton of that cut, it will be appannit thnr j uiia* rnnirb 
vance of the kind is absolutely necessary, in order in prin ein the wind 
when forced from one end of the bellows, from passing along the grtiiivti 
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into tke other end : it consists of a narrow piece of hard wood of the same 
depth as the groove, and of a length that rather exceeds the width of 
the groove. A hole is drilled through one end and a pin driven through 
it into the solid part of the cover, so that it turns freely on this pin, and 
closes and Opens a passage for the escape of the wind into the tuyere. It 
is driven by the wind at every stroke of the piston against the opposite 
cheek of the groove, and thus prevents the wind from passing into the 
other end of the cylinder, as shown at G- in No. 112. It is surprising how 
easily this valve plays although its upper and lower edges rub against the 
surfaces of the two covers — a trifling movement of the piston drives it 
against the cheek, and occasions a snapping sound somewhat like that 
from the contact of metal. 

When the inner cover was raised out of its place, the piston and induc- 
tion valves were exposed to view, and the simplicity and efficiency of 
these parts were in keeping with the rest : the two valves are mere flaps 
of paper, glued at their loioer edges to the under side of the openings, 
and hence they stand nearly perpendicular, instead of being suspended from 
above ; the slightest impulse of air closed them. The piston is half an 
inch thick, but is reduced at the edges to a quarter of one ; it appears to 
be formed of two thin pieces which, united, are equal in thickness to that 
mentioned ; and between them are inserted two small sheets of moderately 
stiff paper, which project an inch over every side. The part that pro- 
jects is folded at the corners and turned over the edges of the piston ; 
one sheet being turned one way, and the other the contrary, so that when 
the piston is moved, the air presses the paper against the sides of the bel- 
lows and renders the piston perfectly tight, on the same principle as the 
double cupped leathers of fire-engines and other forcing-pumps; and at 
the same time without any perceptible increase of friction. . The two pis- 
ton rods are half inch square, and work through holes in one end of the 
box without any stuffing-box. The whole machine is of wood, except 
the paper for the piston and valves. Although the instrument appears to 
be a rectangular box, it is not exactly so, the bottom being a little wider 
than the top. 

It would be superfluous to point out the application of piston bellows to 
raise water, since they are perfect models of our atmospheric and forcing- 
pumps. Why, then, it may be asked are not the Chinese found in the 
possession of the latter In reply to this question, it may be observed : 1. 
That from our imperfect knowledge of the people, it is not certain that 
such machines have not been, and are not used to a limited extent in the 
interior of that great empire. 2. That custom, and probably experience, 
have induced them, in common with other nations of the Oriental world, 
to give the preference to more simple devices — to their chain pump, bam- 
boo wheel, &c., a preference which we know is in some instances based 
on solid grounds : for example, the chain pump as used by them, raises 
more water with the same amount of labor, than any atmospheric or forc- 
ing-pump, if placed under the same circumstances. And as for the noria 
or bamboo wheel, which driven by a current, raises water night and day, 
and from 20 to 50 feet, we are told that it answers the purpose com- 
pletely as the most complicated European machine could do ; and I will 
answer for it [says Van Braam] that it does not occasion an expense of 
ten dollars.^^ 3. A circumstance connected with one of their ancient as well 
as modern scenic representations, shows that when the forcing or spouting 
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latter divinity made a display of his wealth and productions, such as dra- 
gons, elephants, tigers, eagles, ostriches, chestnut and pine trees, &c. 
The Ocean, on the other hand, collected whales, dolphins, porpoises and 
other sea monsters, together with ships, rocks, shells, &c., “ all these ob- 
jects were represented by performers concealed under cloths, and who 
played their parts admirably. The two assemblages of productions, ter- 
restrial and marine, made the tour of the stage, and then opened right and 
left to leave room for an immense whale, which placed itself directly 
before the emperor, and spouted out several hogsheads of tvater, which 
inundated the spectators who were in the pit.^'^ As both the water and 
forcing apparatus were contained within the moving figure, we can only 
imagine the jets to have been produced by means of piston or bellows 
Ibrcing-pumps, or something analogous to therii — or by air condensed in 
one or more vessels containing watery like soda fountains. 4. If Chinese 
lads never discovered a source of amusement in the application of their 
bellows (some 'of which are only eight inches long) as squirts or pumps, 
they must differ essentially from lads of other nations — a position that few 
judges of human nature would admit. Boys are the same in all ages, and 
the mischievous youngsters of the Celestial Empire have doubtless 
often. derived as much pleasure from annoying one another with water 
ejected from these implements, as those of Europe and this country do 
with similar devices. Such an application of them was sure to be found 
out by boys, if by no one else. Whether the bellows-pump originated 
in this manner or not, may be uncertain, but several useful discoveries 
have been brought to light in much the same way : it was a youth who 
changed the whole character of the steam-engine, by giving it that feature 
upon which its general utility depends — his ingenuity, stimulated by a 
love of play, rendered it self-acting. 

The antiquity of the Chinese bellows is a subject of much interest. It 
may have been the instrument which Anacharsis introduced into Greece, it 
having, perhaps, been employed by his countrymen, the ancient Scythians, 
as well as by their descendants, the modern Tai'tars. If it has been in 
use, as supposed, from times anterior to Grecian and Roman eras, the 
origin of the pump in the second century B. C. can hardly be sustained; 
for when the induction valves of one of these bellows are placed in water, 
(as we suppose has occasionally been done ever since its invention,) it is 
then the water forcer” of Ctesibius ; and if pipes be connected to F and 
J, (No. 112,) and their orifices placed in a liquid, the apparatus becomes 
the double acting pump of La Hire. But what may be surprising to some 
persons, its construction is identical with that of the steam-engine ; for let 
it be furnished with a crank and fly wheel to regulate the movements of 
its piston, and with apparatus to open and close its valves, then admit 
steam through its nozzle, and it becomes the double acting engine of Boul- 
ton and Watt. Again, connect its induction orifices to a receiver, and it 
becomes an exhausting air-pump; apply its nozzle to the same vessel, and 
it is a condensing one. The most perfect blowing machine, and the chef 
W oeuvre of modern modifications of the pump, are also its fac-similes. 

It would seem that the Chinese have other kinds of bellows, or difler- 
ent modes of working these. Bell, in his account of the Russian embassy 
in 1720, says that he was lodged in a village twelve miles from Pekin in 
a cook’s house, which gave him ah opportunity of observing the customs of 
the people even on trifling occasions : *‘My landlord,” he observes, ‘^be- 
ing in his shop, I paid him a visit, where I found six kettles placed in a 
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row on furnaces, liaving a separate opening under eacli of tliem for re- 
ceiving tlie fuel, wHcli consisted of a few small sticks and straw. On 
his 'pvlling a thong, lie blew a pair of bellows wbicb made all bis kettles 
boil in a very short time.”® Like other Asiatics, the Chinese have proba- 
bly a variety of these instruments. The van, or winnowing machine, 
which we have received from them, is a rotary bellows. See page 70 
of this volume. 

Various rotary bellows are described by Agricola, a's employed in the 
ventilation of mines, and worked by men with cranks, and in one instance 
by a horse treading on the periphery of a wheel.^ Rotary blowing 
machines have been represented as of more recent origin, but they are in 
all probability of great antiquity. The Spaniards introduced them into 
Peru as early as 1545, to reduce the silver ores, but they were soon aban- 
doned.® For rotary pumps, see a subsequent chapter of this book. 

We are indebted for some interesting information respecting the arts of 
various islanders of the Indian ocean to Mr. William Clark of Philadel 
phia, who, besides spending several years in whaling voyages, resided 
two years in Southern Africa. The vessel to which he was attached hav- 
ing on one occasion touched on the coast of Madagascar, some native 
smiths were found using bellows that excited particular attention ; some 
were cylindrical, being formed of bored logs, others were square trunks, 
five or six inches in diameter, and about five feet long; but the internal 
construction of both was the same. The ship’s carpenter was permitted 
to open one. It was composed of four planks that had been split from 
trees, the insides shaved smooth and straight, and the whole put together 
with wooden pins instead of nails or screws. It was divided into two 
parts by a partition or disk, which was permanently secured in its place, 
(shown at A in the annexed cut,) where, like a piston, it occupied the 
entire space across. On one side of the trunk, and 
opposite the edge of A, an opening was made for 
the insertion of the tube C that conveyed the wind 
to the fire, the edge of A at this place being feather- 
ed, and a small projecting piece added to it, in 
order to direct the current of air from either side 
of the partition into C. An opening was made in 
the centre of A, through which a smooth piston 
rod B, played ; two pistons or boards, P P, accu- 
rately fitted to work in the trunk, were attached 
on opposite sides of the partition to B ; these pis- 
tons were perforated, and the openings covered by 
flaps or valves like those of a common pump box, 
but the upper one was secured to the under side 
of the piston as shown in the figure. The trunk 
rested on four short pieces of wood pegged to it. 
In some, holes were made at the lower part for 
the. admission of air. These bellows were there- 
fore double acting, and consequently one of them 
was equal in its effects to two of those represented 
at No. Ill, which drive the air out only on the de- 
scent of the piston, whereas these forced it into the 
fire both on ascending and descending. Thus, 
when the blower raised the rod B, the flap on the 
lower piston closed, and the air in that division of 

c Bell’s Travels, i. 312. ^ De Re MetalUca, pp. 162, 163, 164, 169. « Garcilasso’a 
Commentaries, p. 347. 
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th^ trunk was expelled through C ; at the same time the flap of the upper 
piston was opened by its own weight and the air jjassing through it, and 
on the descent of B all the air in the upper part of the trunk was forced 
into the fire in like manner j hence an uninterrupted, though not an equal)le 
blast of wind was kept up. The whole apparatus was of wood except 
the flaps, which were pieces of green hide rendered plial)le by working 
them in the hands ; and they were prevented from opening too far by 
narrow slips of the same material pegged over them, "piere was no 
packing to the pistons, but they were moved with great rapidity. 

These bellows are different from those described by Darapier, Sonnerat 
and Ellis, as used in the same island ; but they serve to corro]>oratts a re- 
mark that has been made by several travelers, viz : that the nogrotm of 
Africa are in possession of a great varietjr of those instruments. The one 
above described is a firfe specimen of their ingenuity, for there can be little 
doubt that it is original with them — ^it evidently is not derived from tin) 
double acting bellows of China, nor can it have been procured from Europe, 
since nothing of the kind has, we believe, ever been used there. It is the 
only bellows that we have met with having valves in the pistons. 

It need hardly be observed that double pumps have boon made on tlie 
same principle. There is one figured by Belidor in the second volume of 
his Architecture Hydraulique, which differs from the above figure only^ in 
having two short piston roi connected together by a frame on the outside 
of the cylinder, instead of one long one working through the disk. 

No stronger proofs could possibly be adduced of the analogy between 
pumps and bellows, than what the figures in this and the preceding cliaptc^r 
afford. 

While engaged on this part of the subject wo wt‘re induced to rctfer 
again to the accounts of the old Mexicans and Peruvians, in hopes of find- 
ing some indications of the pump in the instruments employed to urge air 
into their furnaces ; but, strange as it will appear to modern mocbaxucs, they 
are said to have been wholly ignorant of the bellows. This, if true, is a 
very singular fact; and, considering the extent to which they practictul tht) 
arts of metallurgy, one that is unexampled in the history ol the world. It 
appears, moreover, irreconcilable with the opinion of their oricmtal origin ; 
for it is difficult to conceive how emigrants or descmidants of mnigrantH 
from Asia, could have been ignorant of this simple instnimeut whicli has 
been used in one form or another'on that continent from the earliest times, 
and which is still employed by tlie rudest tribes there, and also in all those 
parts whence the early Peruvians are supposed to have come. The bel- 
lows is common almost as the hammer, ifram the peninsular of Malacca to 
thk of Kampschatka, and from the Phillippine islands to daose of Japan. 
In Africa, too, it is used in great variety ana by people wliose progress in 
the arts is far behind that of the ancient smiths of America. 

How little is known respecting the mechanical implements of Mexicati 
and Peruvian workmen and of their processes, and yet but three ceniuricm 
have elapsed since the latter were in full operation ! We are not aware 
that a single tool has been preserved, much less their modes of rnirnufac- 
ture ; nor is this much to be wondered at when the spirit that animated 
the conquerors is considered — it was the acquisition of gold, not the tools 
for or manner of working it, that they had in view; and had it not boon 
for the prodigious amount of bullion which they found worked into va- 
rious figures and utensils, we should scarcely have overheard of the latter; 
and yet the workmanship on some of them, exceeded the value of the metal. 
That there are errors in the accounts of early writers on the arts a!^d ap- 
paratus of old American mechanics is unquestionable, and among them 
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monuments of Egypt (those of Beni Hassan) the latter are represented in 
the remote age of Osirtasen, 1700 B. C. which to a superficial observer 
might lead to the supposition that the former were then unknown; but a 
close examination of the sculptures shows the fallacy of such conclusion, 
since blowing tubes are also figured long after the reign of 1 hothrnes in 
whose time bellows were certainly common.^ Again, on tlic last day of 
the feast of Tabernacles, the Jews were allowed by rabbinical precepts 
to light one fire from another, but not to strike new fire from stone or 
metal, nor to quench it, although to save their goods, “ nor to blow it with 
bellowes, but with a reedeJ^^ Now a stranger, having an imperfect know- 
ledge of Jewish customs, upon witnessing fires thus blown would, in some 
parts of the world, be very apt to conclude that they had no Ixdlows. And 
again, if we had not a proof that our domestic bellows was knowii to the 
Homans, we might have inferred from Pliny^s account of statuaries and 
painters representing individuals blowing fires with their moutJmy that artifi- 
cial instruments for the purpose were then unknown. 

Enough may be gathered from early writers on Arncnca to account 
for bellows not being employed in those operations in which they would 
seem to have been most required, viz : in smcdting of metals. According 
to Acosta, some ores could not be reduced by bellows, but only by air 
furnaces. G-arcilasso, in the last chapter of the eighth book of hm Com- 
mentaries, makes the same remark. In smelting the silver ort^, of Potosi, 
he says the Indians used neither bellows nor l)lowing tubi‘s, but a natural 
wind, which, in their opinion, was the best ; they therefortJ fustul the ore 
in small furnaces placed on the lulls in the night time, whenever the wind 
was sufficient for the puiq^ose ; and it was a pleasant sight, he observes, 
“ to behold eight, ten, or twelve thousand of those fires at the same time, 
ranged in order upon the sides of the mountains.” The Spaniards suspact* ** 
ing that the metal, when thus diffused among a great numl>er of handi, 
might be more readily purloined, and that much of it was wastcnl in so 
many fires, introduced blast furnaces, the fires in which were urged “by 
large bellows,” but these not succeeding, (the blast being too strong,) they 
had recourse to rouiry. bcdlo ws, (“ engines with wheels, carried aI>out witli 
sails like a windmill which fanned and blowed tlie fire,”) but tlume also 
failed to accomplish the purpose, “so that the Spaniards despairing of the 
success of their inventions, wade use <)f those which the Indians had framed 
and contritiedJ^ No stronger reason could be adduced why the bellows 
was not previously used in the i^ed action of ores. 

At a subsequent fusion of tlxe metal in tlieir dwellings, tlio workmen 
(says Garcilasso) instead of bellows, .continued to use blowing tubes, 
“ though our [Spanish] invention of bellows is much more oasio and forci- 
' ble to raise the fii'e.” Supposing they were ignorant of bellows before th«^ 
airival of the Spaniards, here is a proof that after they became acquainUxl 
with these instruments, they still preferrcKl their tubes, as the gedd and 
silver smiths of Asia generally do at this day; xmd hence the ust^ of hucIi 
tubes does not show, as has been stated, “ that they were unaexjuainted 
with the use of bellows.” 

If there was nothing else to adduce in favor of the old Peruvians benng 
acquainted with bellows, or with the principle of their construction and ap- 
plication, than the balsas or blown floats which their fisherm(ui and those 
of Chili used instead of boats, we should deem them sufKci<mt Thoid 
were large bags made of skins of the sea wolf and filled with air. They 

* Wilkinson’s Manners and Cttstoms of the Ancient Egyptians, iii. 3U0. >> Eiirchas’ 
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Were ‘‘ so well sewed, that a considerable weight could not force anj of 
it out/’ They carried fi-om twelve to fourteen hundred pounds, and if any 
air escaped, there were two leathern pipes through which the fishermen 
'‘blow into the bags when there is occasion.” Frezier’s Voyage to the 
South Seas, page 121. These were real bellows, only applied to another 
purpose. Had they not been found less efficient or less economical than 
blowing tubes, they would doubtless have been used as substitutes for the 
latter in the fusion and reduction of ores. It may here be noticed as a 
singular fact, and one which may possibly have reference to bellows, that 
Quetzalcoatl, the Mexican God of the air or wind, was also the Vulcan 
of all the nations of Anahuac. 

.Both Mexicans and Peruvians were accustomed from their youth to use 
blowing tubes, for the primitive air gun, through which to shoot arrows 
and other missiles by the breath, was universally used, and the practice 
is still kept up by their descendants. Motezuma, in his first interview 
with Cortez, shrewdly compared the Spanish guns, as tubes of unknown 
metal, to the sarbacans of his countrymen. From the expertness acquired 
by the constant employment of these instruments in killing game, it was 
natural enough to use them instead of bellows to increase the heat of their 
furnaces, and custom rendered them very efficient. 

We have prolonged our remarks on this subject because it has been 
concluded that remains of furnaces, found far below the surface in various 
parts of this continent and in re^ons abounding with iron, could never 
have been employed in reducing that metal; for in those remote ages in 
which such furnaces were in action, the bellows, it is said, was unknown^ 
a position that we think untenable, and quite irreconcilable with the 
advanced state of metallurgy in those times. 

Before leaving the subject of bellows and bellows pumps, we may re- 
mark that numerous illustrations of the latter may be found in the natural 
world. To an industrious investigator, the animal kingdom would furnish 
an endless variety, for every organized being is composed of tubes and 
of liquids urged through them. The contrivances by which the latter is 
accomplished may be considered . among the prominent features in the 
mechanism of animals ; and although modified to infinitude, one general 
principle pervades the whole ; this is the distension and contraction of 
flexible vessels or reservoirs in which fluids are accumulated and driven 
through the system. On the regular function of these organs the neces- 
sary motions of life chiefly depend ; by them urine is expelled from the 
bladder, blood from the heart, breath from the lungs, &c. ; they are natural 
bellows pumps, while other devices of the Divine Mechanician resemble 
syringes or piston pumps. 

The whale spouts water with a bellows pump, and in streams compared 
with which the jet from one of our fire-engines is child’s play. His blow- 
ing apparatus consists of two large membranous sacs ; elastic and capable 
of being collapsed with great force. They are connected with two bony 
canals or tubes whose orifices are closed by a valve in the form of two 
semicircles, similar to those known to pump makers as butterfly valves. 
When the animal spouts, he forcibly compresses the bags, already filled 
with water, and sends forth volumes of it to the height of 40 or 50 feet. 
The roaring noise that accqmpanies this ejection of the liquid is heard at a 
considerable distance, and is one of the means by which whalers, in foggy 
weather, are directed to their prey. The proboscis of the elephant is 
sometimes used as a hose pipe, through which he plays a stream in every 
direction by the pump in his chest. Numerous insects that live in water 
move their bodies by the reaction of that liquid on streams they eject from 
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their bodies : oysters and some other shell fish move in this manner. My- 
riads of marine animals also ascend and descend in their native element by 
means of forcing pumps : "when about to dive, they admit water into cer- 
tain receptacles, and in such quantities as to render their bodies speci- 
fically heavier than the fluid they float in ; and when they wish to ascend, 
they pump out the water which carried them down. 

That expert gunner, the jaculator fish, shoots his prey with pellets or 
globules of water as from a piston pump. When an insect hovers near or 
rests on some aquatic plant within five or six feet of him, he shoots from 
his tubular snout a drop of water, and with so “ sure an aim as geruira lly 
to lay it dead.’’ The habit of ejecting saliva, which some persons ac- 
quire, is by making a pump of the mouth and a piston of tiic tongue. 
Other animals practice the samo ; thus the llama of Chili a.nd l^eru, when 
irritated, “ejects its saliva to a considerable distance” — Fre/ier says ten 
paces, or thirty feet. The spurting snake of Southern Africa, it is said, 
ejects its poison into the eyes of those who attack it with unerring aim. 
The tongue of the lamprey moves backwards and forwards like a piston, 
and produces that suction which distinguishes this animal and others of the 
same family. The sting of some insects, that of the boo, for example, is 
a very complex apparatus, consisting of a lancet with its sheath, to pene- 
trate the bodies of their enemies; first acting as a U'oear and canular, a.ud 
then as a pump to force poison into the wound — “ an awl to boro a hole, 
[says Paley,] and a syringe to inject the fluid.” 

It perhaps may be supposed from the form of common pumps, that 
there is little resemblance between them and these natural machines, but 
it should be remembered that this form is purely arbitrary, (they are, as 
we have already seen, sometimes made of flexible materials, and alter- 
nately dilated and collapsed like the chests of animals.) The gemeral 
custom of making them of hollow cylinders and of inflexible materials, 
arose from experience having proved that when thus made, they are more 
durable and less liable to derangement than any others that have yet been 
devised. 

The circulation of the blood in man and other animals is effected by 
apparatus strikingly analogous to sucking and forcing bellows pumps. The 
heart is one of these — the arteries are its forcing, the veins its suction 
pipes, and both pump and pipes are furnished with the most perfect 
valves. By contraction, this wonderful machine forces the blood through 
the foi’mer to the uttermost parts of the system ; and by distension, draws 
.t back through the latter.*^ They vary in dimensions as in construction. 
Some are adapted to the bodies of animals so minuto as to bo impercep- 
tible to unaided vision, and from these to others of every si^io up to the 
huge leviathan of the deep. The aorta of the whale, says Paley, ** is 
larger in the bore than the main pipe of the water-wox'ks at London 
bridge ; and the water roaring in its passage through that pipe, is inferior 
in impetus and velocity to the Hood rushing from the whale’s heart.” 

Every human being may be considered as, nay is, a living pump. His 
body is wholly made up of it, of the tubes belonging to it, and the H(|uid 
moved by it — with such additions as are re(]uired to communic*.a.te tlie ne- 
cessary motion and protect it from injury. Health, life itself, every thing, 
depends upon keeping it in order. If one of its forcing pipes, (a,n artery,) 
be severed, we bleed to death ; are any of its sucking tubes (the veins) 
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choked, the parts around them become diseased, like sterile land for want 
of nourishment ; does the pump itself stop working, we instantly die. The 
regularity and irregularity of its motions are indicated by the pulse, which 
has always been adopted as the unerring criterion of health and disease, 
or as an engineer would say, the number of its strokes per minute, is the 
proof of its state whether in good or bad working order. The pulse not 
only indicates incidental disorders in this hydraulic machine, but is a crite- 
rion of its age, as well as of its constant condition : the movements are 
strong and uniform in youth, feeble and uncertain in sickness and age, and 
as the machine wears out and the period of its labor approaches, its strokes 
at last cease and its vibrations are then silent for ever. 

What mechanic can contemplate this surprising machine without being 
electrified with astonishment that it should last so long as it does in some 
people ! Formed of materials so easily injured, and connected with tubes 
of the most delicate texture, whose ramifications are too complex to be 
traced, their numbers too great to be counted, and many of them too mi- 
nute to be perceived, and the orifices of all furnished with elaborate valves; 
that such complicated machinery should continue incessantly in motion, 
sixty, eighty, and a hundred years, not only without our aid, but in spite 
of obstructions that are daily thrown in its way, is as inexplicable and mys- 
terious as the power that impels it. 

Few classes of men are more interested in studying natural history, and 
particularly the structure, habits, and movements of animals, than mechan- 
ics ; and none can reap a richer reward for the time and labor expended 
upon it. It presents to the studious inquirer sources of mechanical com- 
binations and movements so varied, so perfect, so novel, and such as are 
adapted to every possible contingency, as to excite emotions of surprise 
that they should have been so long neglected. There is no doubt that 
several modern discoveries in pneumatics, hydraulics, hydrostatics, optics, 
mechanics, and even of chemistry, might have been anticipated by the 
study of this department of science. Of this truth examples might be ad- 
duced from every art, and from every branch of engineering : the flexible 
water-mains (composed of iron tubes united by a species of ball and socket 
joint) by which Watt conveyed fresh water under the river Clyde were 
suggested by the mechanism of a lohsta'^s tail — the process of tunneling 
by which Brunei has formed a passage under the Thames occurred to him 
by witnessing the operations of the Teredo, a testaceous wor7n covered 
with a cylindrical shell, which eats its way through the hardest wood — 
and Smeaton, in seeking the form best adapted to impart stability to the 
light-house on the Eddystone rocks, imitated the contour of the bole of a 
tree. The fishermen’s boats of Europe, adapted to endure the roughest 
weather, are the very model of those formed for her progeny by the fe 
male gnat ; elevated and narrow at each end, and broad and depressed 
at the middle” — ^the beaver when building a dam — but it is vain to quote 
examples with which volumes might be filled. 
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CHAP T E R in. 

Forcing Pumps with solid pistons: Tho Syrinfft^: Its uses, nmtorinls ntul ontitput) -F.mjdnjrd hy ttw 
Hindoos in religious Asstivals—Figurod <»n un ohl rout of urm#— Hiojple (iwrarn Pump - Stiiglr vnht* Forc- 
ing-pump— Common Foret iig.pump—HtomurU pump— Forcing. pumjt w iiU lur l Msu Ujun of 
Ctesibius: Its description l»y Vitruvius— Remurks on its origin -F.rritrs t»f (h*. utu tmta rrspct unif the 
authors of acvcrnl inventions— Claims of (hesihius to the i»ump limited Atr ve^-sel probsddy immted hy 
him— Comprosscjd uir n prorniticitt fotuuro in all his inventions - Air vesseb »ln Heron** fffuntn4n“ “Ap 
parently referred to hy Pliny— Air gun of Ctesibina— The H»«*knh. 

Thk earlit‘st tuachiiui couHiBtin'j^ of a cylintlcr and rhiif \vm ex* 

pressly tlt'si^iual to ft»m^ li(|uulH was pnthahiy tho an ia*ariiiiioiit 

of very hit'll auti(|uity: set* its in tin* forc^^nnunl nt*xt illtiHtrtt- 

tion. To tin? clastul oml a short ctahcal pip** is attiu-hi*fi whoa* tiiim^nshmi 
arc adapted to tlu^ parthuilar purpose for whieh tin* iirirruiueiit is to he 
used. The piston is stilid and covana^tl with a pitM’c iif .?ofi i«*afli«T, 
woollen listing, or any similar sni)stanrti that rt*a*lily indnlms im»i”dnr<s ttt 
order to prevtnit air or watt* r from passing !H*twi*i*ji ir ami flu* sidn «if tho 
cylinder. When the <*ud t>f tin* }npt* is plaeed in a litpiid ami tin* pi'iton 
drawn hack, the atmospht*rt* tliivrs the litpiiil into tin* cyliinier; svhetn*«« it 
is expelled through tin* sann^ oritice hy ]>ushing tin* pi?don dt>wn : in fin* 
fornuT cast^ tlu^ syringt* nets as a. sucking pump ; in the hillcr as a fiirciin* 
one, d'h(‘y an^ c.hi(‘fly enipioyetl in surgieal openitiiuni, for whirli l!si*v 
ar(j ina.dt^ of various dlmt^nsions— from tin* si*/,e of a ipiart Imtthi to f har «♦! 
a (|uill. They an* forun*tt of silve-r, hrass, pewter, glass, mnl ifiini*tiun**' 
of wood, f'or Htnin* purposes tin* small pipe is iiispt*miiHi with, the end 
of the eylimhu- h<*lng <*lost*d fiy a perforated plaft*, m in those in«fmiin*ufs 
with which ganh*ut‘rs syriugt* tht*ir plants. 

It has hta*n said that the syringe was invenfiHi hy Cheslhitis, helng the 
result of luH first (assays in <h»vislug c»r improving the pump; hut nuch 
could not hav(5 *heen its origin, since it is mentioned hy |»ldlo;sophers who 
flourished centurh*s before lilrn. It was known to 'riiVophranius, Anaxit 
goras, Democritus, Leuc.i|>pus, Aristotle, itml thvlr pupils: to tin* rushing 
of water into it winm the piston was drawn up, these philfcaiplniri ip- 
pealed to illustrate their oppostN* vh*^*^ respecting the cause of tlie liguitfi 
aBcmit, some contmnling that it pn*vetl tlin t*xistence of a vacuiiiii, otlieri 
that it did not. To this ancient application of tin* ayrirtge, rrioit of the* 
early writers on atmospheric iiresstire alhnie.® It is pretty striingo foh-^' 
servers Dc^saguliersl that the, arimenm, who were no strangers to tint nature 
of winds, and knew a grt*at deal of their form, worn yet entimly igiiorant 
of the wtught and p<*r|>t*ndicular pressure of the lir. This is ttviileuf, la*» 
cause they attrihutet tint cause ofwntter rising up in jmmps, or any liquori 
being drawn up into syringes (cmmnonly ciiTlecf Mt/pkmM on that "account, 
while pumps wm*t* call’d Huckiug-pumps) to naturtfs nhliorrmice of a va* 
cuum; saying, thaijt fiiPd np with water the pipt*8 of pumps under the 
moviiig lmck(*t or jfwton, riitln*r than suffer any t*mpry spacf*. Tlie ftyringe 
was in^ use, and this nt»fi<m conct*rning its suction olaaiu'd l.mg'' htfim 
Ctemhius, the son of a burlier at Alexandria, invented the pump.”^ 

® See ItohanlfsJ^liiliwophy with <n.nrke*s Netes, l.nn. vak i. I7*i. Swiwur'i 
Frfttacii iuhI 172, C*hatnheri’ Did. Articles Hyrinfts, EnilMilui, Vaetnim. 

» Ex. Plulos. vol ii, 241K 
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There is reason to believe that the syringe was employed by the Egyp- 
tians in the process of embalming. In various translations of the account 
given by Herodotus (Euterpe, 87) it is expressly named: “They fill a 
syringe with germe of cedar wood and inject it.”^ Dr. Bees, in his edi- 
tion of Chambers’ Dictionary, (Art. Embalming,) uses the terms “ infusing 
by a syringe,” and “ syringing a liquid,” &:c. The least expensive mode 
of embalming was “ infusing by a syringe a certain liquid extracted from 
the cedar.”^ Beloe, in his translation, does not indicate the instrument 
used — they “inject an unguent made from the cedar.” As clysters origi- 
nated in Egypt, and were used monthly by the inhabitants as a preserva- 
tive of health, (Herod, ii, 77,) we are most probably indebted to the people 
of that country for the syringe. Had it been a Grecian or Roman inven- 
tion, the name of its author would have been known, for from its utility and 
application to various useful purposes, an account of the circumstances 
connected with its origin was as worthy of preservation, as those relating 
to the pump or any other machine. Suetonius uses the term “ clyster” to 
denote the instrument by which it was administered ; and Celsus by it, 
refers to “a little pipe or squirt.” (Ainsworth.) Hippocrates and the elder 
Pliny frequently mention clysters, but without describing distinctly the 
instrument employed ; the latter in his 30th book, cap. 7, seems to refer 
to the common pewter syringe, “ an instrumoM or pijpe of tin ;” this is at 
least probablej for pewter, according to Whittaker, was borrowed from the 
Romans. It is well ascertained that pewterers were among the earliest 
workers of metal in England. A company of' them was incorporated in 
1474 ; but at what time the syringe became a staple article of their ma- 
nufacture is uncertain. 



No. 115. Syringes used by Hindoos in celebrating some religious festivals. 


Had the syringe not been mentioned by ancient authors, its antiquity 
might be inferred from a particular employment of it by the Hindoos. The 
arts, manners and customs of these people have remained unchanged from 
very remote times ; and such is their predilection for the religious insti- 
tutions of their ancestors, that nothing has, and apparently nothing can in- 
duce them to admit of the slightest change in the ceremonies that pertain 
to the worship of their deities : hence the same rites are still performed, 


Quoted in Ogilby^a Africa. Lan. 1670, p. 81. ^ Historical Description of Egypt. 
Newcastle : vol. i. 602. 
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and by means of the same kind of instniimmtrt as wlam Alexander or 
even Bacclms invaded India. In some oi thtdr ndl^iouH ibstivals tlu* 
syringe is made to perform a prominent part; Ibr a. red |H»\vdt‘r In luixtal 
with water, with which the worshipers dreueii mnj aiuitlun* by nnnuis 
of a species of squirt; to re])reseut Parasatt Rtaua, i»r Home ialu*r iuTi> 
returning from battle covered witli bloiKld’ ISome writt/rs .suppose tiui 
ceremony is designed to celebrate ** the orgle.M oi Kfishtiu with Iuh mis- 
tresscs and compaiiunis.” No. I Jo laipn^stmtH a rajah and soim* td his 
wives engaged in this singular spinnes t>f ndigions worsiiip and eouimbiai 
exercise, in honor of Krishna.. Tlu‘ imsirunumts are (‘h*arly gardiuj syringes, 
and probably of tins sanuii kind as arti immlioneti by Heron t»f Afexamlriin 
as used in las time hn* sprinkling ami dis[an-siug water. 

The Ilo/dre w anotiuu* iliudoo ft'siival whieh re.MunbleH in soine iiiea 
sure the Saturnalia of the Ib)manH. It is observed throttgh ull ifindo?itiuu 
and in celebrating it, tlu^ syringe Is put in reipuMition. Mr. Brongluoii, 
who, with sonic other MunqK*au.H, viMt»*d a Mahr.itta rajah to \uine?ia tin* 
ceremony, ohserve.s — “A. f(‘w minutes afnu* w<* had taken t»ur?iear^»» !,tr:*e 
brass trays filled witii uhevf\ ami the litih^ Italia already de .eribeil were 
brought m and placed btdbnt tlie (’.om|muy, tog<*thev with a yidhtw eoltuired 
water, and a large atircr squirt, for <‘nch intlividual. 'Fite ,Mnha Iliy liine 
self liegan the amusements of tiu^ day, by sprinkling a little red and yellow 
water upon us from x\ie gottlithdaus, .small silvt*r vtrssels kept for the pur 
pose of spritdding rosiewater at visits (»f (anannony. ICvery <*ne then 
DCgan to throw about tln^ altrrr, and to sqiitft at his nei^'Jd>otn• lei he jdeuje 
cd.” (Shoberrs liiml. vol. 11, nml vol. vi, 1 1.) A someuliai niiriilar 
custom prevails in l*egu. At the Jmst t>j trains, the kiiig, nobli^ii, and 
all the peoples sport thmns(‘lves by thnwvlng w ater upoti one unoiher i iiiitl 
“ it is iuqjossibh^ t(» pass the stiau'fs without l>etne' mumdly wet/* (Hfitig** 
ton’s Voyagti to Hiirat in the year KlSlI. Lon. UHMl : page btl?.) 

The syringi^ in front of iSo, I lb, is I’opted from Itivius* (n*rmim 'rranre- 
lation of Vdiruvitis, A. I). IblH. It is from a view i»f the barber's shop 
l)olouglng to tile father of (hc*sibinH. (Set^ pp. 121 iiml 122 td’ihii volume.) 
Across the shop is a partithm, behlml which iht* young philosopher is si‘en 
iutcutiy peruHiag a book, and on tlie floor arounJ him are a lluie, a syringe, 
a pair oibellows, bagpipes, Ne.; while in front, tin* ohi g«**idenian in tin* 
European costunu^ of tln^ liUh century, and with a ftword at lu?i .side 1 is 
actively engagtui in purifying the Inaitl and face of a em.nmier. 

In the third volume of a (hdieetion of*' EinbletiiH, Human luul Diviiitd’ 
in Latin : Pragmq 1601, page 76, a pair of bellows, a sgriugi\ and a flying 
eollpilt^ are represcuitml as forming the dt*viee of i.ioun? tdtl Italiiiti fkiully, 
with thc^ singular motto, ** Ttula est rimtuP 

Few aiuumit devie.es could Im pointeil tmt that have given rise to men* 
important im]>roViunents In the arts than the primitive syringe. Its modi- 
heudons (‘xert an extensive and beneficiid influence in sotnery. As a pi?i» 
ton bcdlows it is .still extensively usiul in orieiiial smitherit*«™and as the 
same, it contributed to om*of the most refiiiml |di*asures<af the aurienf i, by 
supplying wlial to tluur organs. It may be cmwidinaal ns tin* iminediiite 
parent of the forcing if imt of the ntmospheric pnmp“~in both of which 
It has greatly inc.reased the comfortH and convimienne.H of juvili^rd life; 
in the fire»tmgine it protects both our lives and our property from the 
most dcHtruciive of the elements ; and in the haiHls <jf the curgeon anil 
physician it exiemds tin* duration of life by removing disoasiu The irwi- 
dern philosophical apparatus for <*xhau.stlng air, ami the ancient on© for 
condensing it; the mammoth Idowing imndilnes In our fcuiitdericti, and 
the-steam engine itself, are nil ttiodification.^ <if the syringe. 
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A forcing’ pump differs but little from a syringe : the latter receives and 
expels a liquid through the same passage, but the former has a separate 
pipe for its discharge, and both the receiving and discharging orifices are 
covered with valves. By this arrangement it is not necessary to remove 
a pump from the liquid to transfer the contents of its cylinder, as is done 
with the syringe, but the operation of forcing up water may be continuous 
w^hile the instrument is immoveable. A forcing pump, therefore, is merely 
a syringe furnished with an induction and eduction valve — one through 
which water enters the cylinder, the other by which^ it escapes from it. 
Of the process or reasoning which led to the application of valves to the 
syi*inge, history is silent ; but as has been remarked in a previous chap- 
ter, their employment in bellows or air forcing machines, probably opened 
the way to their introduction into water forcing ones. The ordinary bel- 
lows has but one valve, and the simplest and most ancient forcing pumps 
have no more. One of these is shown at No. 116. It represents a syringe 

having the orifice at the bottom of 
the cylinder covered’ by a valve 
or clack, opening upwards ; and 
a discharging pipe connected to 
the cylinder a little above it : when 
placed in water the orifice of this 
pipe is closed with the finger, and 
the piston being then drawn up. 
the cylinder becomes charged, and 
when the piston is pushed down 
the valve closes and the liquid is 
forced through -the pipe. In this 
machine the finger performs die 
part of a valve by preventing ah 
from entering the cylinder whei 
the piston is being raised. Sucl 
pumps made of tin plate were for 
merly common, and were used tc 
wash windows, syringe plants anc 
garden trees, &:c. The figure if 
from plate 57 of “ L ’Exploiter def 
Mines,” in Arts et Metiers, and is described (page 1584) as a Dutcl 
pump, “ pour envoyer commodement de I’eau dans les differents quartierf 
de Tattelier.” 

No. 117 is another single- valve forcing pump from the second volume 
of a Latin treatise on Natural Philosophy, by P. P. Steinmeyer, Friburgh 
1767. It is secured in a cistern, the surface of the water in which is al 
ways kept above the small openings made through the upper part ; s( 
that when the piston is drawn up, as in the figure, the liquid flows in anc 
Alls it ; and on the descent of the piston the water is forced up the as 
cending pipe, the valve preventing its return. This is a very simph 
and efficient forcing pump ; and having no induction valve and the pistoi 
being always under water, it is not very liable to derangement. It has 
however, its defects ; for in elevating the piston the whole weight of th< 
atmosphere above it has to be overcome, a disadvantage that in large ma 
chines would not be compensated by the saving of a valve. As the pistoi 
has to pass the holes in the upper part of the cylinder, its packing woulc 
be injured if them inner edges were not rounded off. This pump has beei 
erroneously attributed to, a modern European engineer : see the Londoi 
Register of Arts, v, 154, and Journal of the Franklin Institute, viii, 379 
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The ordinary forcing pump has two yulvt‘s, an in tlio auiu^xiul figure, 
which represents it as generally made. Tlu^ (ylimhu* is placed ahovi^ the 
surface of the water to be raised, and constupiently is charged 1>y the- pri‘s- 
sure of the atmosphere ; die machine, therefore*, is a cuuipuuiul cm*, dlt- 

feinng from tliar last (k'scribctl, which 
is purely a forcing pump, the water en- 
tering its cylinder by gravity ahuu*. 
Tlui action of liie UKU’hinf* now under 
consid<*nitiou is similar to that of th<* 
syringe; when the piston is ralsi^d the 
air in tin* pipe below the eylind«u* rinheH 
through tin* valve ainl is expelled on 
the (h^setuit of tiie piston throu*“h tln^ 
other valvs' in the asci'ndin|t or dis- 
charging l‘ipe '* ‘*ud on a IH'petilloii of 
the stn»kes td’the piston, water rises In 
tln^ .siK’tJon enf(‘rs the f'ylhider, 

and is e\p<'lled in tin' like manner, 
I^umpsof this kind a.re sometimes piacetl 
in tin* yanls of dwelling honses, tfjo 
suction pipe extending a u-ell, and 
the ascending one to a, ci-aern in the 
upper parts of the bnildlne,. In fin* -«* 
<'ases a et»ck is generally iie.rrted a lit* 
tie above llic valve in the ica-ending 
No. 118. Comn.o.i Fordi.K I’umi.. >'• ‘"n'lv W.ltrr if n‘<|l(ir.-tl ill llic 

vii'inify of the pump. 

The h(‘autiful instrument used <4’ late \<*ars to transft*r liquid’4 intf* and 
from tln^ human stonnndi is a m<»dili<‘ation <»f the above macldue. It eamntl. 
with propritU.y In* named a syringe, for as it is furni'dusl with xalveM, it is, 
in cvv.vy n‘.spect, a, putup. i laving been employed with tnucli sucees i in 
withdrawing jaoison from tin? Htomach, k is now justly (‘lassed among the 
essmitial apparatus of the surgetui. Its origin and hi .fory are detailed in 
a pamphlet publisheil by its inventor, Mr, .b»hn Rfsid, ol* iyngfnai, uhij 
dcviscul it in 1819, and in the fdlowing year o!»taiia*d ii patent fu* it under 
the name of a **8totna(’h and hhiema Ibunp.*’ Aft*'!* virsitlng teuithm 
twice in vain for tln^ purpose of prfieunng; suitable ttila's, he tih't! to ger. 
sorm; madi^ in the country, btu. faih'<l. < >n a third visit to ilie mi'fisipolis 
he obtaineal an inditft*rent on«' which In* fhoueju nuglii answiuy iintl after 
adapting it to a pump, ** I tlnm |he observe-il pri'sented it to Sir Astle^ 
Cooptu', who asked me for what purptise it was inteufltid ; I folti him it 
was iut(m(lf.‘d for tlie removal of fluid poistnni from the linman fitomach ; 
aff,(*r a f<nv minutes inspection tif the iiistnimt'iir, Sir A* fiiitde ilii! folltnv- 
Ing reply ‘ alamt thn'e weeks iigri I was cidled to attend a young holy 
about 10 (fcdock in the nmruing wim had faki'n r^ptum ; I gave her sul- 
phate of co|)pi*r, sulphate of zhui and oflnu* thingi : I sal by her until 
eight in the evening, wheti s!u* die<t I If I had bis!!! in posHesriion ol‘ this 
mstniment at tlie tinn*, I could liave relieveil her in five minuteii, and have 
saved her life,’ Alb*r many (pKtsrionH how I came to think c*f fuicli a 
thing, which 1. satislkctorilv eKplaitted, \n* said * what can I do fur ymt T 
my answm* wuh— publicity of your opinimi is all I wi-dt ; he rt*p!ie<I, 
Hliat you sliidl soon liave;’ and he tu*dt'rt*-l me fc> nnn-t idm fhe next day 
at Guy’s lios|uiai at one (fclock, when he proptr-u'd to try an e.xpin’itrient 
on a (loH* : but as no do*** ctmld lie luaicurcd. Itlntf d.tv I So* AhiIow 
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was then ready for the experiment in the operating theatre, which ’ 
crowded to excess. The dog was brought to Sir A. who gave him i 
drachms of opium dissolved in water. The dog’s pulse was first at 1 
in seven minutes it fell to 110, and from that to 90. The poison was 
fered to remain in the dog’s stomach 33 minutes, till he appeared tc 
dead, and I was doubtful it would be the case before Sir A. would let 
use the pump. I must confess I was very impatient to be at work on 
dog with my instrument in hand ready for action. Sir A. kept his fir 
on the dog’s pulse, then at 90, and said very deliberately, ‘ I think it 
do now, as it is 33 minutes since I gave him the dose.’ A basin of w 
water being then brought. Sir A. passed the tube I had provided into 
dog’s stomach : I immediately pumped the whole contents of the b 
[the warm water] into the stomach, and as quickly repumped the w, 
from the stomach, containing the laudanum, back again into the basin. 
A. observed, while I was emptying the dog’s stomach, the laudanum s\^ 
ming on the surface, and said ^ It will do;* a second basin of water 
then injected and withdrawn by the pump as before : I asked for a t) 
but Sir Astley said it was unnecessary, as the laudanum had all beei 
turned in the first basin.” In half an hour the animal was completel;) 
vived and running about the theatre. 

It may be of use to state, that the quickest and easiest mode of emf 
ing a stomach pump (according to the inventor) is to use it only as a^ 
ing pump — that is to inject warm water or other dilutents into the ston 
until that organ becoming surcharged, the fluid regurgitates by the mu 
in otheV words to fill the stomach to overflowing — the liquid passing d 
the tube and rising through the cesophagus by the side of it; the of 
tion being continued till the fluid returns unchanged. In the absenc 
a pump, a tunnel or other vessel attached to a flexible tube might ans 



There are numerous varieties in stomach pumps, arising from the 
ferent modes of constructing and arranging the valves, so as either 1 
ject or withdraw liquids through the same tube without shifting the z 
ratus. No. 119 represents one that is described in the Journal o: 
Franklin Institute, (vol. xiii, 223.) It consists of an ordinary sy] 
screwed to a cylindrical valve box which contains two egg-shaped 
ties. In each cavity is a small and loose spherical valve that fits eith 
the orifices. Two flexible tubes are attached to each cavity as represe 
Suppose the upper tube inserted into a person’s stomach and the 1 
one into a basin of warm water ; if the syringe were then workec 
liquid would be forced into the stomach and the poison diluted : the 
turning the instrument in the hand so as to bring the upper tube d 
(without withdrawing the one in the stomach,) the valves would drop 
the other orifices in each cavity, and the syringe would raise the cor 
of the stomach into the basin, as represented in the figure. 
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We have no idea that the inventor of the stoinac'.h pnnip was imleljted 
to Iludihras for the hint, yet that old warrior stanns not: only to }iav<! lunn 
a proper subject for its occasional ap})lica,tion, hut lie app(*ar.s to hav(‘ hur 
some notions that might eventually I lavcj led to it. Those nMultu-s wla 
are familiar with Butlei'^s account of him will rmneudHU* that when le* v at 
insulted by Talgol the butcher, the knight, as lu* justly might, 

“grow liigh in wnuh, 

Aral lifting IiuikIh uud eyi^H up hath, 

Tliree. tirni's h(^ smotr. on Htumaeh stoat 
From \vhoii(‘<‘, at last llioso words lirokr out : 

» * * * « • 

Nor all that ftireo that makrs thee proud, 

Beoaurto by bullockn with.stoocl, 

Shull Huvo, or Indp tluM^ to «*viido 
The bund orjusticts or this Idudo. 

Nor HhuU thofii*. words orvcaoui hiou', 

Which ihoii huNt iVoni tlu*ir native place 
Thy stomnth, pump'd to Ihng on mo 
Go unrovenged : * * * • 

Thou down the HUitn^ thrmu mIihU {hn our 'em, 

Like tainted heef, and pay tlear for u, Puri L 

It was a common practice with th<^ aru'.lent Eoiiiitu epieurt\s fo mripty tin 
stomacli by an emetic I ud’ore dinnm-. Hud the appiitsifinu of flu* |mni| 
for such a purpose.} luavu tlum known, it, wouhl of cuuif.se have boon pre 
ferred as the rnon} ngrtuuibh} and certain dovieo of thi* two, Hut if tin 
ancients had no apparatus for witlidrawing the <*oiitonrii of tfio Mroiinirli 
they wm*c not d('.stltat:(} of moans fu* <’onvoyin?( nausr*oiiii or rorro<liii| 
liquids into it. .Pliny, in hi,s Nat. Hist. x\x, b. says mwh inodicines wort 
swahowed through a pip<} tir tuimor^ imit^rffn! info the inoiifh for thri 
pur[)os<*. 

Hu} pump figunul at; No. 1 IH ej(!ct« water m a ^lyringit and only wdion tin 
piston is forcctl down; but by tlu} addition of what is culled iin ni/’ rc.wc/, thf 

strt'iirn from tlm <iijiclmrg' 
ing pipt^ may Ih^ madt} emr 
tinuotw: I his von, sol i;i olo«' 
ed at. itrt uppiu' part, iiu«i 
opmi at boitotn, whore if, i« 
connect t»d by nvrvwH tti rln 
fiircing pipe dirocily 
the vidve, m riqirosettitd if! 
the annexed illtiifriiliott* A 
t,limd)iirging pipii tmy thttri 
be contiecfeil to the lower 
part of the veiinel, or it nmy 
no, it« it often iiiiiorred 
through the top, in which 
catii itii lower end should 
extend nearly ro ihe boifoirn 
'Whim by the desre nf of flic 
pii4toi} wa.tf‘r is forced out 
of tin* cylinder, part of it 
enters the pip«% atwl part rusliei past it and ram/nrssrs the mr confined in 
the upper part of the veasel ; and when the piston In raised to draw a 
fVesh portion into tlui cylinder, this air expamlM and drivea out wtit«r 
that compresmal it and thus rendiu'S the ninmn emmiunt. It will Imi p#r* 
ceived that the cpuintity tif water raisml is not inc:reaiaH.'l by tltii iirrtiiw- 

U 
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ment; its flow from tlie discharging orifice being merely rendered uniform, 
or nearly so. 

In the ordinary use of forcing pumps a constant instead of an inter- 
rupted flow of water from the discharging orifice, may be a matter of 
no importance ,* but when those of large dimensions are required to raise 
it to great elevations, air vessels are not only valuable but indispensable 
adjuncts ; for the elastic fluid within them forms a medium for gradually 
overcoming the inertia of the ascending liquid columns, and thereby pre- 
vents those jars and shocks which are incident to all non-elastic substances 
in rapid motion, when brought suddenly to a state of rest. A column of 
water moving with great velocity through a pump, produces, when in- 
stantly stopt, a concussion like that of a solid rod of the same length, when 
its end is driven against an unyielding object; but with an air-vessel, the 
effect is like that of the same rod when brought in contact with a bale of 
cotton or caoutchouc. Less force is required also to work pumps that 
have air-vessels, because in them the column of water in the discharging 
pipe is continued in motion during the ascent of the piston, hence it has 
not to be moved from a state of rest on the piston’s return. When two 
or more cylinders are connected to one discharging pipe, one air-vessel 
only is required, as in fire-engines, water-works, &c. 

It is this kind of forcing pump that is generally adopted in water-works 
for the supply of towns and cities ; the piston rods being moved by 
cranks or levers attached to water wheels : sometimes they are driven by 
windmills, steam-engines, and by animals. The cylinders are commonly 
used perpendicularly as in the figure, but they are sometimes worked in 
an inclined and also in a horizontal position. 

The celebrated pump of Ctesibius was constructed like that represented 
in the last figure, except that it had two cylinders. It seems to have been 
almost identical in its construction with our fire-engines. It remains now 
[says Vitruvius] to describe the machine of Ctesibius which raises water 
very high. This is made of brass ; at the bottom a pair of buckets [cylin- 
ders] are placed at a little distance, having pipes like the shape of a fork 
annexed, meeting in a basin in the middle. At the upper holes of the 
pipes within the basin, are made valves, hinged with very exact joints ; 
which, stopping the holes, prevent the efflux of the water that will be 
pressed into the basin by the air. Upon the basin a cover like an inverted 
funnel is fitted, which is adjoined and fastened to the basin by a collar, 
riveted through, that the pressure of the water may not force it off : and 
on the top of it, a pipe called the tuba, is affixed perpendicularly. The 
buckets [cylinders] have valves placed below the lower mouths of the 
pipes, and fixed over holes that are in their bottoms : then pistons turned 
very smooth and anointed with oil, being inclosed in the buckets [cylin- 
ders] are worked with bars and levers from above ; the repeated motion 
of these, up and down, pressing the air that is therein contained with the 
water, the holes being shut by the valves, forces and extrudes the water 
through the mouths of the pipes into the basin ; from whence rising to the 
cover, the air presses it upwards through the pipe ; and thus from the low 
situation of the reservoir, raises it to supply the public fountains.” Book 
X, cap; 12. Newton’s Trans. 

The machine as thus described is a proof of the progress which the an- 
cients had made in hydraulics : the whole appears to have been of the 
most durable materials,- and of the best workmanship. Although the figures 
of this and other machines which Vitruvius inserted in his work are lost, 
there is little difficulty in realizing its construction from the text. Transla- 
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tors and commentators have generally^ agreed in their views ot it as re- 
presented below, viz : two ordinary iorcing pumps couuected u> an air- 
vessel and one discharging pipe. 



No. I'il, of 


The cyHuderH are seenn'd In a fraine uf nn«l the jmiten rods am 

attachiul liy joints to lever.s, <me end of whi<‘h are di^presned by rams t»u 
the axis of thewlimd, ns sliown above niai also at No. Barbaru hafi 

figur(‘d a, crank at the uxi.s which gives a nMoproeiaing nmtion to a hori- 
zontal shaft plac(*d ovm* tlie pomps, and prtjj«*rting ple<*es from whieh impart 
motion to the |)iston rods, Vitruvius informs us that when machines wer« 
employed to raise wat«m frotn rivers, flaw were wttrketl by inuhn*»lifit 
wh(*(‘lH iiujadhal })y tin* .stream, and henet^ iho pumps of (lu'sibiiii Wiirii 
l)(‘li(‘V(ul to have h(*en moved by the Hiune means. 

Ihit {“or Vitrtiviu.H W(* slnmld not; have kianvii that fc^rcing pumpi con- 
HUtui<*d past of the waf<*r works of antiijulty ; am! hinl lie not rtimarketi 
that tiny wen* (*mploy(*d to supply ‘‘pubhe fountaitisd* it iiiiglit liavt^ bt^en 
suppo.s(‘d that wni,r(*r nevf‘r rose higher iu tiie dwellings of tincitmt cities 
than tliat which wa.s drawn dire(‘ily from the a<|Uf*ducti. 

It would h(^ {dmoHt unpardonable pass over this eeh*brated machino 
without further remark, sinet^ it is, in several respects, one of rln* most 
intercHting of all antiquity. An account of its (U*igln ami early liislory 
would form a Cfumm’ntary on mimt of the arts amt Hclene<»s of the attcients, 
and would, we ladittvi*, furnish evid(‘nc<‘ of their progn*ss in some l♦^f|ltnn 
that fc‘.w iim willing to believe. /Vhliougli if. was attribnted tn Ihcsibius, 
dierc ia .some um;ertainty resp<*cting the* extent of Iom claims. It may iip» 
p(Utr invidious to attempt to rob this ilhtsirious nmn^d* iiivenfiomi itiicrilM!il 
to him, but our oliject m to ascertain, luu ti> depreci.ire them or dimiiiish 
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^ Claims of Ckesihius^ [Book I 

their number. It bas frequently been remarked that little dependei 
can be placed on ancient writers as regards the authors of the useful r 
chines. Generally those who introduced them from abroad, who i 
proved them, increased their effects, or extended their application, w< 
reputed their inventors. This has been the case more or less in eve 
part of the world, and is so at the present day. The Greeks found i 
thors among themselves for almost every machine, although most of th^ 
were certainly derived from Egypt. Thus, the sails and masts of shi 
the wedge, auger, axe and level, were known before Dasdalus. I 
saw, drill, compasses, glue and dovetailing, before Talus. Cast iron ’v 
employed, and moulding practiced, and the lathe invented, long bef 
Theodoras of Samos lived; and the screw and the crane before Archyl 
The last individual was celebrated for various inventions, and amc 
others, Aristotle mentions the child^s rattle, from which it may be ini 
red that he was an amiable man and fond of children — ^but Egypt 
children were amused with various species of toys, centuries before 
flourished ; and they then had dolls whose limbs were moved by 
pulling of strings or wires, as ours have at this day. Wilkinson’s M 
ners and Customs of the Ancient Eygptians. Vol. ii, 426—7, 

As regards machines for raising water, we have already seen, t 
some have been ascribed to others than their authors. Even die sipl 
has been attributed to Ctesibius, (Adams’s Lectures, vol. hi, 372,) becai 
it was found in the construction of his clepsydra, and no earlier applicat 
of it was then known ; but it is now ascertained to have been in common i 
among his countrymen in the remote age of Rameses — in the Augus 
era of Egypt, when the arts, we are informed, attained a degree of p 
fection, which no after age succeeded in imitating.” Had the Commei 
lies of Ctesibius” to which Vitruvius referred his readers for further ini 
mation, been preserved, we should have had no occasion to attempt a d 
nition of his claims to the forcing pump ; unfortunately, however, th 
and Archimedes’ Ti-eatise on Pneumatic and Hydrostatic Engines h{ 
perished, and have left us in comparative ignorance of the history of si 
machines among the ancients. 

We have already seen that the syringe was in common use ages bef 
Ctesibius, and that it was employed by philosophers to illustrate their ! 
pothesis, of water rushing into a vacuum. Now a forcing pump is mer 
a syringe with an additional orifice for the liquid’s discharge, and hav 
both its receiving and discharging orifices covered by valves bl' clacks. C 
sibius therefore did not invent the piston and cylinder, nor was he the f 
to discover the application of these to force water, for they were in f 
vious use and for that purpose. Was he the inventor of valves 1 No, 
they were usedin the Egyptian bellows thirteen or fourteen hundred ye 
before he lived, and appear always to have been an essential part of th 
instruments. They were employed in clepsydra ; and were most lik 
used in the hydraulic organ of Archimedes, which Tertullian has d 
cribed. Is the arrangement of the valves, by which water is admit 
through one and expelled by the other, to be ascribed to him'? We beli( 
not, for the same arrangement was previously adopted in the bellows, 
far as regards the application of one of them, and the principle of bo 
and if it could be shown that the Chinese bellows was then in use, as 
suppose it was, and possibly known in Egypt, (for that some intercou 
did take place in ancient times betwen Egypt and China, even if one p 
pie be not a colony of the other, is proved by Chinese bottles and insci 
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water forcers/' or, to the appUcafion (f valres^ to the ordinar)/ ^ii/rlnge, by 
wliicli it was converted into a forcing punip, eiduu* for air or wuten*. But 
it is not certain that the last was not done beloia^ for noitluu' Vitruvius nor 
Pliny asserts that water forcers” were not in preyituis ustu Tlu^ former 
says he applied the principle of “ comprttssed air” to them, in e.omuum 
with hydraulic organs,” “automatons,” “ levt>r and turning marhiues,” 
and “water dials,” (Book ix, cap. 1);) hence it may us well tauududed 
from this passage, that he invented these as tin; pump. 1 1 is, imh'ed, almost, 
impossible to believe that the. Egyptians, of whose sagacity and ingenuity, 
unrivalled monuments liavo coimulown, did nottbuect the a[»plicn{io}i both 
of the bellows and syringe to raise w atm* long beftuy ( hesilnus lived; 
hence we arc inclined to piac<; the forcing ptimp in its .simplest form, with 
the syringe and atmospheric pump, among the \vt»rk;5~ 

“ Of names once famed, new duluoas or for|.t<»£ 

And buried hnidst the wrtadc of things dun wete.” 

That the forcing pump was gnuitly improve<l by Chesibins, tlnne cun 
bo no question; l)Ut that which gave cadebrity ft* his mntddm* was probu- 
bly the air-vessel, an additum, whhdi fliough m»t very tdeurly tlescril*ed by 
Vitruvius, appears to have originated witli him. By ir tlt<» pump iuHteutl 
of acting as before like a S(|uirt or syringf^ prodticed u continuous utri^um 
as in a result wtdl adaptc<l to excite udmiruiion, und to givti 

eclat to his name. Tiie wln»l(^ account of his machine fdiow.’i its c»nmcc!™ 
tion with and dcspendeiKU' upon air; whei'tnis had it f*een fiiinplv a forcing 
pump It would liavo had nothinf.^to <h> with it: it wosild have niiieti water 
independently of It; and withotu, an uir“V(‘,ss<d Vdfruvimi never ctmhl tiave 
asserted that it forcml wauu* np the di.schnrging tube by nicunn of“iiir 
prcs.sing It upwards.” (lompn^ssed air aettai a j>romintmt pint in id! hiii 
ma, chines. In iii.s wind guns, water cltjcks, and numerous luiftmntfa; iiomti 
of the latter in tlui slnqu^ of binls, &c. appt'ured to slug, otlinni “ ncnitidcd 
truinp(U.H,” and tlu;s<‘ r<‘.sulrs are saal t<» Juivt^ }>een prttduced with “ flttidft 
compre.ssed by the force <»f air.” may add that he Ciunpresaed air in 

his hydraulic organs anti prtndstdy in th<‘ samt^ manner a.s in tin' pump, 
viz : by water, ami by eitinu* air or water forcing pumps, Tlie ctuumenci** 
ment of bis discovtuncH was tin* expt'rimtmi c»n air with the weighr ami 
speculum in his father’s shop, (mu* pag<' bi:i) in which tht* tiesceutliiig 
weight “ compressed the incloHeil air” ami forctal it thrtmgh the lu^veriil 
apertures into thtJ open air, and tlnuxdiy pnitltictnl <li=ifinrr, sf*umls, ** Wlttm 
thcroforo Cte^sibius obsfmved that stmmls wen^ protbu'ed from the com* 
prcBsion and concussion (if air, lu^ first /node »c of that printipie in eim- 
triving hydraulic organs, also water forcers, imnuuiifoiw/* &e. What 
-principle was this which Vitruvius says he applied lo wiiter frimu’s in 
common with organ.s, Ar,c. 1 I'hat of compressiai air, ns we iiufhu^srfmd 
it ; and the employment of which is so evidtmt, in the dtwcriptioii cjf 
his machim*. alrcuwly givtm. 

Does any r)ne (fouht that tht^ fiir-vesnel was krarwn if*, am! u^aul by 
Ctesibius '{ f^et him rec.olhict that Ifm-on, his disciple urn! intimaf*' friend, 
has also describcul it; for the celebrated fountain cjf this pldlounpher, 
which still liears his name, and rtmuiitm just m lu' left it, h rumply tin 
air-chamber, in wliicli the flnidi is compresHetl by a column of water in- 
stead of a pump ; and emt^ of his machbies for riUHing water by fiOmm, WM 
another, in wliicU the elasticity t>f that fluid was usotl in a ainnlnr manner# 
Besides these, there are others represt*nt<*d in the iSyu>//u//u; indeed, a 
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spherical vessels containing water, into wMch perpendicular dischai 
tubes descend : to expel the liquid, syringes or minute pumps are ad? 
to the vessels, for the purpose of injecting air or water, and by that n 
to produce d’eau. The common syringe is also figured, at large a: 
section, p. 120.^ Pliny also seems to refer to air-vessels in his xixbook 
4, where he speaks of water forced up “ by pumps and such like, ^ 
with the strength of 'wind enclosed,^ ^ Holland’s Trans. 

As the ancients have not particularized the claims of Ctesibius t( 
pump, it is impossible to define them with precision at this distance of 
Perhaps the instrument had been laid aside, or the knowledge of it a 
lost when he revived and improved it, as some of his own inventions 
been in modern times — ^his gun, for example, of which Philo of B 
tium has given a description, and which was constructed in such a 
ner as to carry stones with great rapidity to the greatest distance.”^ 
invention has been claimed by the Germans, the French, Dutch, and 
the following remark of Blainville, by the Swiss also: speaking of! 
he observes, “ They make a great noise here about a hellish inventi 
a gunsmith, who invented wind guns and pistols. This invention mi 
truly called diabolical, and the use of it ought to be forbid on ps 
death.”® Now if the modern inventor of the air gun, an instruments 
two centuries ago, was spoken of as “ a late invention, cannot. witl 
tainty be ascertained, it can hardly be expected that the specific clai 
Ctesibiu^ to the pump can be pointed out after a lapse of 2000 years, 
was the first to combine two or more cylinders to one discharging p 
to form them of metal, as well as the valves and pistons — and the fii 
invent and apply air-vessels, his claims are great indeed, and for 
that is known to the contrary he is entitled to them all. His mer 
respects the latter will be apparent, if we call to mind the fact that 
application to pumps has not been known in Europe for two centi 
and that their introduction was in all probability derived from him, 
was not till a hundred years after Vitruvius’s description of his ma 
had been translated, printed and circulated, that we first hear of air-v 
in modern times. 

We may here remark that at whatever period tohacco was first sn 
in the Hoohah, (and according to some authors, this weed was us 
Asia before the discovery of America,) the air-vessel was known; fo 
instrument is a perfect one, as any person may prove by the folk 
experiment : let a smoker, instead of sucking at the end of the tube 
he inserts in his mouth, hlow through it, and the liquid contents ( 
hookah will be forced out through the perpendicular tube on whic 
weed is placed as in a miniature fire-engine, carrying up with it the 
of tobacco, somewhat in the manner of those light-balls which are 
times placed on jets d^eau, or the boy’s pea playing on a pipe stem, 
operation, in the opinion of some physicians, more heneficiod to the 
former than the ordinary one, and disposing of the scented materia 
manner more suited to its value. 


**• Heronis Alexandrini Spiritalium liber. A Federico Commandino urbins 
Graeco jiuper in Latinupa conversus. ' 1583. 

Dutetf s Inquiry into the Origin of the Arts attributed to the Modems, ] 


Chap. 4.] 


Double acting Pump. 
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CHAPTER IV. 

Forcing pumps continued: La Hiro’s double acting pump-Flunger purni» : Invented by Mnrelotia | 
the most valuable of modern improvementa on the pump— Appliention td it to other purpu ion than rais- 
ing water- Frktionlcss plunger puinp-auicksilver pump«-Applknuon of the prim-iple of llramah*« 
press by bees in forcing honey into tlteir cells. Forcing pumps with hoJli»w {dmou-.: M»npl‘»>*‘d »u French 
water-works-Spocimen from the works at Notre Dame— Lifting pump from Agncida - M.ohnn Uftiug 
pumps— Extract from an old pump-maker’« circular— I.ifting pumps with iw.» p»»ton.^ . 4*omU}jml»o« 
of lioIlovT and solid pistons— Trovelhick's pump— Perkins’ pump. 


Of the various modifications which the f‘nrciij‘^ pump has imdt^nronc 
in recent times we can notice ]>ut a ft^w, and of thost^ tiu^ irtamttn- part 
were most likely known to ancient eng'intHU's. Tfit* rnnst prominent tme 
is that by which the nuicidrie is math^ dotihh* aerinp. Xinv tin* devJet! by 
which this is efFected has not only fretpnmtly (Hamrretl to tjuite a mmilmr 
of ingenious rnou in their eruleavours to imprtjvt* do* pump who were ig* 
norant of its having been accomplishiMl ; but it la an t*\aet rupy *d’ ttne 
that has been applied to the wind pumj> (d’ClInna trout time immemorial, 
(sec No. 112 ;) it probably then d( ire did imt eseape smdi men ti i ( h<*!4bins, 
and Heron, and others who appear to have exereintMl thou* imtennify and 
sagacity to the utmost in ordt^r to improvi* thl.n maelune, and who wt*r<^ 
enthusiastically attached to such re.H<»nreheM, 'fhe rennirkM on modern 
improviunents of the atmo.spln’ric pump, paf’es 225-t», are etpndly applica- 
ble to those of the forcing one; and it is worthy of rimiark* that notwith- 


standing the present improv<'<l stati* of meehameid •icience, thf» anetent 
forms of both now jirevail — for the forcing ptimp ih made by Chesibiiw in 
Egypt, and as described by Vitruvius as iisiKi by the Rmnanii, is utill more 
common than any otlnu-. 

The doulih^ acting pump rimrenetited in the figure, was tlevincd !iy M. 
La Hire in tin? early part of tin^ last century. His descripfitm of it was 
published in the Memoirs of the Fnmch Aca<lemy in 17 lb; mid from une 

of his expn^.ssions we pt»reeive ( what wits in- 
dmal very natural) that if he was not indtdued 
for tlie improvement to the eontempliition of 
bellows, tht^sf* iuHtrument.H were at leiwt close- 
ly iissociated with It in his mind. The piiiiip 
1 propose Jhe ohser%a*sj furnishoi wiifiir tmri- 
tinually, m the doulde bellowfi iniikes 

a continual wind/* I'he pisttin real piws<« 
through a stuffing 'bo% or collar of leathers on 
the top of the cylinder. Idte latter has f mr 
openings coverca! by valves or claekM ; two 
for the fulmission of water imd the mime mum 
!)t?r for its discharge. A B is the suefion pipe, 
B and 0 D the asetmding or liischaripng one, 
Huppose fhe lower end of the suctimi pipe in 
water; then if the pisnm be thrust down, 
the valve near B will rdose, uml the air in the 
lower part of the cylinder will be forced 
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closed, and water will ascend througli B A and enter tlie cylinde 
then if the piston be raised it will force all the water above it throi 
valve at C, the only passage for it, while at the same time a fresh 
will enter the cylinder through the valve at B. Thus at every st 
the piston, wdiether up or down, the contents of the cylinder are 
out at one end, and it is replenished at the same time through the 
this pump therefore discharges double the quantity of water that ? 
nary one of the same dimensions does. The piston rod .may be i 
through either end of the cylinder, as circumstances may require, 
pumps are frequently used in a horizontal position. 

Another variation of the forcing pump consists in making tjie p 
the same length as the cylinder but rather less in diameter, so that 
be moved freely in the former without touching the sides. These 
are made wholly of metal and turned smooth and cylindrical, s 
work through a stuffing box or cupped leathers. The quantity oi 
raised at each stroke has therefore no reference to the capacity 
cylinder, however large that part of one of these pumps may be, 
liquid displaced by the piston can only be equal to that part of th 
that enters the cylinder. Switzer has given a figure and descriptic 
old engine composed of three of these pumps “ that has-been som 
erected in the county of Surrey.” Newton has figured the piston 1 
described by Vitruvius as furnishing wind to hydraulic organs in a 
way.* In Commandine^s translation of Heron's Spiritalia, page 1 
same kind of plunger is figured in a pump belonging to a water 
and at p. 71, a fire-engine, with two working cylinders, has piston 
same kind. These pistons were formerly named plungers, and the 
plunger-pumps. Their construction and action will be understood 
figure, which represents one of a number that w 
ployed in the water-works, York Buildings, Loi 
the last century. The piston was of brass, cast 
and filled with lead, the outside being turin 
and smooth.” A short rod attached to the upp 
of the piston was connected by a chain to the 
end of a vibrating beam, that was moved by 
Newcomen’s engines. The piston was therefore 
ly raised by the engine, while its own weight 
it down : to render it sufficiently heavy for th 
pose, a number of leaden disks (or cheeses, j 
were named from their form) having holes i 
centres, were slipped over the rod and rested u] 
piston, as in the figure. These were increase 
they were found sufficient to press down the 
and force the water up the ascending pipe. Tl 
ped leathers through which the piston worke( 
similar to those now used in the hydrostatic pi’t 
small cistern was sometimes formed on the top 
pump, that the water it contained might pre'v 
from entering through the stuffing box or betwe 
cupped leathers : it served also to charge the 
through a small pipe or cock. A valve open 
wards was sometimes placed just above the ] 
No’. 123 . Plunger Pump cock, and the latter left open when the r 
was started, that the air within the cylindei 
escape ; and as soen as the water rose and filled the pump, the cc 
shut. It is immaterial at what part of the cylinder the. forcing or 
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ing pipe is attached, whether at the bottom, near the top, or at any inter- 
mediate place. Small pumps of this kind are now commonly employed 
to feed steam boilers and for other purposes, and are worked by levers 
like the ordinary lifting and forcing pumps, the pistons l)eing preserved 
in a perpendicular position by slings, &c. 

These pumps are believed to be of English origin, having l)een in- 
vented hy Sir Samuel Moreland, master of nun-ha nlcs” to ( )ha,rh!s Sd. 
Like some old philosopliers, he exorcised his ingenuity in improving hy- 
draulic and other engines, for raising water. Besidt^s tiu' pluiigt-r punip, 
for which ho obtained a patent in 1075, he invented a. “ eycl(> (diipUc. 
movement’’ for transmitting motion to piston rods, a ligun- of which is iti- 
serted by Bolidorin the second volume of his Arch. Hytlraulitpie. Ib* is 
also the reputed invtmtor of the .speaking lrum}>er,*^ of a. (‘.apstan, and a 
steam-engine. In lOSl he made experiments with a,n engin<‘ (umsistingof 
two or more of his pump.s at Windsor, in pr<‘S(uu‘<* of tin- king and c,ourt, 
during which he forced water from the Truuiu-s in a. continual stream tt* 
the top of the castle j and according to Dr. Ilntton, “ sixty hu^t IngluT/’ 
Moreland visited Franc.e the same or the following y<’ar, by onhu* of tlu- 
king, to examine the famous wattu*-works at Murli, and while itt Paris ht‘ 
exhibited models of his pump ludbre the Fnmch <’ourt, and also con- 
structed several for his friends. In 1,(>83 h<^ prissimtml an accamut of va- 
rious machines for raising water to Louis 14th, in u mamisc-ript vtdume 
written and oniamenttul with much (degarice; aiul iti 1585, nn a<*count of 
his improvements wjis publishenl in Paris in a work entitled, “ Elevation 
des eaux par toute sortt^ d(‘ ma,chin(‘H, rednife a la. m<\sun% iitt poi<ls, h la 
balance, par Ic moyen d’un nouveau pisuui <‘t eorps dc^ ptntipe ; et tl’un 
nouveau mouvemmit cy(do-ellipti(|m^, et r(‘jetant Tusagt^ cle tcnite Hortti d<* 
manivello ordirnures, |>ar h^ OiunuiluT Mortdaiui.’’ It does not appear that 
he ever puhlislual this work in Englarul, for Switv.er had recourses to 
Ozanam^ a Fnundi wrlt(u', for a <l(*senptlon of MorelandV |»urnp ; m he 
could procun^ no English ae.count of it, ** havittg takmi grtuit pains to fmd 
out what Sir Sanuud had Udt on that head to no purpose*.” (,)7ainam states 
that Moreland spent tw(‘!v(* years study and a gr<‘at <Ieal of moiu’y” to 
bring this pump to p<^rf(?ction ; ** tmd without this new invention it would 
have been impossible to havt? nulucful iht^ raising of water to weight and 
measure, as he has domx” Tin* latter observation ndtu-s to the leaden 
weights plactul on the piston rod, and the <|uantiry t)f water niistHl by 
them: the waiter and the idevatiou to which it was raistal btting (compared 
with the sum of the wtfsghts employed to forest it up.^ 

If we mistake not this Is tlm most valuable and cu’igiual motllficatiem of 
the forcing pump that mode.rn times have produe.ed. The friction of the 
piston is not only greatly ntducttd, but the Ijonng of tint cprlJnder is dis- 
pensed with; an operation of considerable ex|)<ume and didtcultj, parfjcu- 
larly bo, liefore efficittnt apparatus for that purpose was devimal. Another 
advantagii is the facility of tightening the packing without taking out the 
piston or even stopping the pump. The value of Moreland’i inventitm in 

» There is an initrument very like ii speaking tmmnet in the hancls (»f a in one 
of the illastnitioiw of the lkiei<!, exeented in the fourth or fifth caniiury, in the ‘iath plate 
of ** Painting" in IPAgincoun’s History of die Fine Arte. It in a coniciU tithe, the 
length being (spinl to that of the imlividual using it; and hy which he. appears to direoi^ 
from the top ot a lower, the comhniante below. Kircherhas given a ligiir<i of a triiinpet 
througfi vv'hieh hn Hnjiposod Alexander spoke to his army. 

^ See Bwit/aiFs Ilydroslaiics, pinto pp, 1157. La Motraye^s Travels, vol. hi, 
Lon. 1752. Demguliers* Philoi. vok ti, 2tm. Belidor’s Architoctnn*, irydrimlkpio, tom. 
ii, 61, mid L’Art B’Kxploiter Dji Mines, in Arte et Metiers, page 1058, and fknehi 47. 

35 
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the estimation of engineers appears from the increasing 
of it. It is, moreover, for aught that is known to the contrai 
of the common lifting pump; and to its inventor the double 
engine of Watt is in some measure due, the efficiency of th 
chine depending entirely upon closing the top of the cylinde: 
the piston rod through a stuffing box — both of which had 
done in this pump. Steam-engines have also been constri 
same plan as these pumps ; one long piston playing in two 1 
linders, and the power transmitted from it by means of a c 
tached to the middle of its length, and on that part which me 
the stuffing boxes. Another celebrated machine is also copi( 
— ^Bramah's hydrostatic press is one of Moreland's pumps. 

There is another species of plunger pumps in which the s 
dispensed with, and consequently the piston works without 
square wooden tube, or a commor 
sufficient length, and with a valve 
end is fixed in the well as shown 
The depth of the water must be 
distance from its surface to the pk 
ry ; and a discharging pipe ha 
opening upwards is united to the 
the surface of the water in the w< 
ton (a solid piece of wood) is su 
chain from a working beam, and 
ciently with weights to make it 
liquid enters the pump through tin 
and stands at the same level with: 
whenever the piston descends, it ni 
places the water, which has no 
to escape but through the discha 
consequence of the lower valve c 
when the piston is again raised as 
a fresh portion of water enters th< 
driven up in like manner. 

Dr. Robison observes that he h 
chine consisting of two of these 
by an untaught laboring man. 
ers were suspended from the e:i 
beam, on the upper surface of w 
walked, as on the picotah of Ind 
No. 124. Frictiouiess Plunger on 0116 end till one plunger desc 
bottom of its tube, and he then i 
, other end, the declivity at first being about 25^^, but gradualb 
as he advanced. In this way he caused the other plunge 
and so on alternately. 

By this machine a feeble old man whose weight was 1] 
cubic feet of water 11 J feet high in a minute, and wrough: 
hours every day. A stout young man weighing 1341bs. n 
. feet to the same height in the same time. The application 
is extremely limited, and there is a waste of power in the 
uselessly raised around the piston at every stroke. 

The pistons of preceding machines are made of solid : 
the pump now to be described has a liquid one. It was ir 
the year 1720, by Mr, Joshua Haskins, who made the first ex 
it in the house and presence of the celebrated Desagulierg 
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was to avoid the friction and consetpient loss of power in <*oimnou pumps, 
he therefore contrived a new way of raising water witiiout any frietum 
of solids; making itse of quicksilver instead of to kt^ep the air or 

water from slipping by the sides of the pistons.” V'aru.iis luodilirali.ms 
of it were soon devised by the inventor, by Dr. D.tsagulu'rs, ua.l by Mr. 
William Vreem, tbe assistant of tiie latter, “who was an ex<-.<-l!out, in.a'lia- 
nic.” One form of it is represented by the lignre. A is die su<-uon pip.-, 
the lower end of which is Inserted in the water to be nosed. Lis upper 
end terminates in the chamber G, and i_s covered by a valve. 1 he lon-uig 
pipe B, with a valve at il.s lower end, is also eonneeled lo tiie <-h.imlier. 

ihitW(‘ou thosti valvtNS a pipo, i>pon at ooih ^*^^0*1, 
is iiistn'tod and Inuit down, as in tho li‘*uro. I hi' 
Htraight [nirt attaclunl to it Ih tho workiu*! ryiiis lor 
oftim pump and slionld homailoch Irma Anoilior 
iron pipe, a llttU} largiT in tla* iuiro ih.m flm hiff, 
and of tlm sa,mo Umgtli, is mmlo to r>laio oa tly 
over it. This pipe is ohaaMl at fin* aiiij 

suspended by chains or cords, by which it. ts 
moved up and down. Stipposc fins pipi* in flic 
position n'prcHtmt.ed, and filicil wifli incnaiiy 
It were then iowenal, tiie air in the cylinder and 
between the valves woidtl become rari!ied» and 
the a.tmosp!ii‘re p^<^ssi^lg on tlie snrtace it! fht» 
waiter in whieli thiMuidid* A i 1 placi'tk would force 
the Iii|uid up A till tin', ihmsity of tite i’onfiiini'd 
a.ir was tln^ same as beldre ; then liy raining tlm 
pijie contJiining the inercnry, the air, unable lo eS' 
eape through tlie lowm* vidvt% Would be fureed 
thrtmgh the upptu'one; and by repeiuing the onio 
ration, water \vouId at last rt:a^ and bt? i'Jtptrfled 
in tiu^ same way; prtwulnl tln» elevation to winch 
it is to bo rniscMl do(»s not eKcetui ihirttum 
the depth of the mercuritil column arouinl the cy- 
linder; tln^ speeilic gravity of ipncksilver being 
HO many times greater limn that of wafer. When 
the ileptli of tlie former is Hb inchi*?!, the lalttu 
may ho raised as many feet in the suction pip!? and forciul up an ts|uiil 
distance through die fonung one, mtdting togiUher an elevation of ntJcty 
feet; but if water be re([uir(*d higher, the (hqith of the inerctirial coliiiiin 
in the moveable pipe mnsf. lie proportinably incrmised. 'ro make a sniidl 
quantity of mercury answer the purpose, a solid |uece of w'ootl or irofi 
that is a little less than the cylinder, is stutured to the bottinri of the move 
able vessel as shown in tlm centre: thb answers the Hiumt tdymu nn an 
equal bulk of mercury. 

These pum|)s havti their disadvantageH ; th<*y are t!)€|>ensive; and how 
ever well made, tlu: <]uantlty of (|uickHiIver re(|nirt!d is conHideralih*-— -llie 
agitation conse(|uent on the mnatssary movement socm converts it info uu 
oxide and rendems it useh'ss— great care is also re(.p:iirc:*d in working tbiMi* 
maclunes; if the moverrnmts are not slow and rt'gular, tlm mercury is vtu*y 
apt to he thrown out; to prevmnt which the uppm* (uid of iIh' vcA.id i*on 
taiuing it is dished or enhirged. For expf'rimtmtal rerasuadtes luotlificio 
tions of such pumps may be ust'fnl, bur for tin' rea,.'amM above rit.aff’d, flir*j 
have never betni extenslvcdy employed in the artM. A uimple hirtn of cnio 
is descrilied in a late volume of tlm Lomlon Meclianicff ^lagiC/Jim, iind 
also in the 22d vol. of tin' Jottrnal of tin* Franklin Instituf**, in Sen 



JNo. 1135. Mc'j'curiul rumr. 



276 


Hydrostatic Press, [Be 

also vol, xxxii, PHI. Transactions, and Abrldg*. voL vi, 352. Desa 
Phil. vol. iiy 491. In Jamieson’s Dictionary, p. 852, a merenrial p 
the form of a wheel is described. 

The hydrostatic jfress is simply a cylindrical forcing pump, whos< 
IS moved by the water, instead of the latter by it. A platen, on wl 
placed the articles to be pressed, is connected to the upper end of th< 
rod ; water is then injected into the cylinder by a much smaller 
and as this liquid is, to all practical purposes, incomjpressible, the p 
necessarily raised, and the articles brought against an immoveabl 
between which and the platen they are compressed.- The degree c 
sure thus excited depends upon the difference between the area 
pistons of the pump and of the press. The apparatus exhibits in : 
form, the celebrated hydrostatic paradox by which the pressure of j 
column however small, is made to counterbalance that of another h 
large. Hydrostatic presses have been applied with advantage ir 
rous operations, as, expressing oil from seeds, pressing paper, boo 
and cotton ; tearing up trees by the roots, proving the strength ol 
boilers, metallic water-pipes, and even cannon. In this city (Nev 
ships of a thousand tons are raised out of the water to repair, b^ 
these machines erected at the head of one of the docks. The c 
is secured in a horizontal position, and the pumps are worked by a 
engine. The frame on which the vessel floats, and by which it is 
is suspended by a number of chains on each side that pass over pull 
terminate at the end of the piston. 

There is a very interesting and beautiful illustration of the p: 
of Bramah’s hydrostatic press in the contrivance by which be^ 
their honey. The cells, open at one end and closed at the other, 
ranged horizontally over each other, and in that position are Jill 
the liquid treasure. Now suppose a series of glass tumblers or tul 
on their sides and piled upon one another in like manner were r 
to be then filled with water, it certainly would require some refle 
devise a plan by which the operation could be performed ; but w 
mode were hit upon, it could not be more ingenious and effective tl 
adopted by these diminutive engineers. At the further or closed 
mity of each cell, they fabricate a moveahle 'piston of wax which 
air tight to the sides, and when a bee arrives laden with honey, 
contained in a liquid form, in a sack or stomach,) she penetrates the 
with her proboscis and through it injects the honey between the 
end of the cell and the piston, and then stops the aperture with h 
The piston is therefore pushed forward as the honey accumulates 
it, till at last it reaches the open end of the cell, where it remains, 
tically sealing the vessel and excluding the air.® As soon as c 
is thus charged, the industrious owners commence with anotl 
will b^ perceived that these pistons are propelled precisely as in 
drostatic press, the liquid honey being incompressible, (with any ; 
which it is there subjected,) every additional particle forced in i 
rily moves the piston forward to afford the i-equired room. Witho 
a contrivance the cells could no more be filled, and kept so, tlian a 
could be, with water, while laying on one side. Were the orga: 


» To keep ibe honey pure, and preserve it from evaporation, in the high tern 
of a hive, me air must be kept from it. Could human ingenuity have devisei 
perfect mode of accomplishing the object? The fact is, bees in this matter, might 
have taught man the practice which is now pursued of preserving both liquid j 
aliment /res7< for years — in tin cases impervious to the air, and from which it 
excluded. 
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No. 120, Lifting Pump. 


of bees closely examined, it would doubtless be found that tlic relative 
diameters of tbeir proboscis and of tlic cells, and tlic oi the (Indlows] 
pumps in their bodies, arc Hiu:h as are best adaptt'd 
to the muscular energy which tluiy employ in work- 
ing the latter. Were it otherwis(‘, a greatm* ibrei^ 
might be required to inject tlui lunacy and drivt^ Ibr- 
ward the piston, than they pos.st'ss. In the case of 
a hydrostatic press, whmi the r<‘.sistan<'e is too gnsit 
to be overcome, by an injection pump of large dia- 
meter, one ofsmalhu' bore is mnpioyiML 

We shall now produci^ a few spc‘cimens of forc- 
ing pumps with hoIl<»\v pistons* or sueli as atimit wa- 
tei- to pass tlirough tlnum If a comnioii afnn»sphenr. 
punq) b<^ iuv(*rted, its cylintler immersed in wafer, 
and the valves of the upptu- and Iowan- boat's isnnn’seil 
as in the figure*, it lH*eonn*s a fru-t-iui,*;, or, as It m 
sometimt'H named, pmiqi; beeanst* the ccni* 

tents of the cylinder itn* llft«*d up wlani the piston m 
raised, instcnid of l><»ing driven otif from iadow* by Um 
descent, as in Nt»s, lib, 117 In a lifting pniiqi tlm 
litjuid is (‘xptdhnl from tin* top oi the ryiiinler*'**!^ 
a forcing on<^ from tin* iKiCtom— it is llie \vaf«*r 
above die piston that is raised by tin* former; ami thnt which enters be- 
low it, by the latter, ddu* piston rod in the figure is atfnrlted tr» an iron 
frame that is suspended to the mnl of a beam or levtn* as in Nos, Itid, 1‘- 1. 
The valve on the top of the piston, like tliat at the end of tin* eylinder, 
(>])i*ns upward.^. When tl.e piston ileseentiit (which 
it <ioc‘s by its own wt*igh! ami dial of the frame) its 
valv<‘ ojnms ami the water enters the up|»er part of 
the cybmler, thou as aoon as it begins to ri.ie its 
valve <doses, tind the liquid above if is forced up the 
ascending pipe. (Ipon the return <if tin* piston the 
upper vaiv<* is shut l»y tin* wt'iglu of the column 
abov(^ it, tin* cwlinder k again ehurgetl ami in coie 
tents forced up by a reptuition of tin* movemenifi. 
Machim*s of this d(*Hcriptlon are ofohl tlale. They 
were fornn‘rly emplovet! in raising wafer from 
mines. 'rin*y were infopietl by ICanneqtnn in iho 
colebra.te<l wii t<‘r "Worki at Mnrii ; and by Lintliier 
in tin* t*iigines he t*recUni during th«» r«*ign of Henry 
4th, at Pont Nmif, to supply tiiii hnnivre from titti 
riv(*r S<*ine. 

As t'hey eaumii in all localians bt^ inserted con- 
veniently in the reservoir tmttliiiiiitig the wmter to 
be raised, thi‘y have nometimiii lannt plm-ed in cis^- 
U*rns erectml above the cirigitml sottret*, and aup- 
plied by atmosplierie I'mmpi i*xtending to it, as in 
No. \M1, The cylituler cd* the uMnospht*ne pump 
terminates in the bottom of the cistern, imcl is 
eil directly under that of the lifting one; the pistoiii 
of both lafmg artachm! to tin* same rod and worked 
by the siurnr frame, »Sut‘h was tin* construction oi 
the old .Parisian w%'itt‘r- works at the bridge of No- 
tre I)ann*. Theses consisted of a smaes of ptiinpi 
arranged ug in tin* hgurt*. and worki-d by an umit*rshot wheel. 
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If the head of a common pump (No. 90) he closed, except an ( 
through which the rod works, or may he worked, it is then co 
into a lifting pump, and will raise water to any elevation throngl 
attached to the spout. The earliest specimen that we have met 
represented hy the 128th figure, from Agricola. Although a rude 
it is interesting as illustrative of the resources of old mining engir 
modifying and applying the common wooden pnmp under a V£ 
circumstances. The upper parts of two atmospheric pumps te 
in a close chamber or strong box, (two sides of which are remove 
figure to show its interior,) their lower ends extending into water c 
at a lower depth in the mine. From the top of the hox a forcin-^ 
continued to the surface of the ground, or to another level in tl 
from which the water raised through it can he discharged. Th 
rods are worked by a double crank, one end of which turns in j 
formed in the inside of the chamber, and the other is continued 
the opposite side and bent into a handle by which the laborer wi 
machine. Two collars are formed on the crank axle, one close to 
side, and the other to the inside of that part of the chamber throng 
it passes, and some kind of packing seems to have been used to 
the water from leaking through. Four iron arms with heavy balls 
ends are secured to the axle to equalize the movement. These v 
old substitutes for the modern fly-wheel : they were quite coir 
all kinds of revolving machinery in the 15th and 16th centuries. 
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a cock is commonly solJcx*e<l as in No. 118, to su]>]>ly watt^r wlicu re- 
quired at tlie pump. This is one of tlu^ xiio.st ustdiil forms <»t‘ iho piunp 
for household purposes: it may be plac<‘(l in tli(^ kitclu-i, r.cdhir or yard, 
and will not only draw water from a wtdi, but will lorct* it up to (‘very 
floor of a dwelling, and still answer ev<‘ry oI»jeet <(1’ the (U-dinary atmos- 
pheric pump; and if an air-vesstd i )0 connt'cted to tin* pif>e, as in No. itiO, 
it will then bcoonn^ a donn-^stie. lirt^-tmgiiu' ; and when a .suiii<‘it*nt leuptli 
of hose pipe is kept at, hand, water may, in east' of lire, b(‘ eonvtwed in a 
few moments to any ])art of tln^ litiilding*. Dt'sagidmrs, a, etmtury a?.;o, rt*- 
comincnded this applitait.ion of it., a.nd it is surprising that if itas not ht*- 
come more general. Tin; following tUKirae.t from a pump-makt'r’s eirimlar, 
120 years since, reft'rs to it. “ Pumps which may be worktal by one matt, 
for raising water out of tiny w(dl, npwtirds ol 120 le<»t d<’(‘p, sulliei«u»( for 
the service of any [trlvaUt hous<^ or ftuully, and s«» contrived that by tune 
iug a cock, may stqxply a cisU'rn tit (In^ top td* the housi', (»r a i*atldng vmasei 
hminy room; and by siuaiwliiga h'tither pipe* the wamr may be lumvi'ytHl 
either up stairs, or in at a window, in etiso of any fin'.’* Swit/.er’s f ly* 
drosttitica, 352. 

Although the valve in th<‘ tisia'ndin^ pipe is not tin essential part of 
those pumps, it is a valutihh^ aildit iou, .since it r(*im»v*»s tin' pressure of the 
licpiid column above it from tln^ stulllng bos, wlum the pump is mu in tise. 
The inventor of tlie.sc pumps (tind ol’the siufling in»\) is nnkin»u n, ddny 
are described l)y Dtssagulim’s, Bididor, tiial other writer;; of the last emi' 
tury as then common, tuid tlu'y tin^ figurtsi in the bth volumi' of maiddnefi 
and invetitions approved by the h'reneli Ac;i<lemy, p. Ilk 

Somtuimes tins cylinder it.s(‘lf lias been m;id«* to an.swer fln^ purpose of 
an air-v(*s.s(‘i. With this vii'vv it is mad<‘ longer than usind, and the di?i- 
cliargiug i>ipo is comu‘e.te<l to tin? mlddh' of it?i length, Mum whieli tin? 
piston works. Tin? air i.s tiierefon' couipresm'd in the uppt‘r part of the 
cylinder, hut a.s it i.s Ihibh' to eseapt^ at the Joints and through tin' atutl* 
iug 1)0 jc, a s(?parat(? vi'.ssid is far pnderable. Mr. Martin, In tin* 2ti vol, of 
ids Pldlo.sophy, lists figured and described a pump of this kind, which he 
says was the invention of Sir #)ames (Ireed. 

In 1815, the London Soiaeiy of Arts awnirded a.silv(*r mc*dal and fdu'en 
guineas for a lifting pump with two pistonn. 'I'lu' eyiimier wa * made 
twice the usual h'ugth, junl t*;udii*ml fnridsln'ti with a stufllng box ihrimfth 
which two stqairale rods work(*d. ''riie raiethm pip«' bein?^ iittaelied, like 
the forcing one, to tin; mlu of the cylinder; the lower piston Wii . iin t»rfed 
having its valve on the top as in No. I2tk 'fin* (nitm’ mida of thi' rods 
were coma?ct(id to the e.entiH? of tw‘o amitll wlnnd.s or friction rollerii wliirh 
mov(‘d bt‘tween two guid<* |)h»iu?s, aini thus prevamled the rodfi. from de. 
vijit.ing from the cmitre of tin' cylimh.?rs; the ttjqn'r svlnad wiw coimecti-d 
by a, short rod to tin^ jminp h*ver us in the eoinmon pumps, and the oihm* 
om? by a. longiT rod (Intiit at its iowt'i* part) to (he .same lt?ver, but on the tp 
po.slu? .side of tin? fulcrum; ho that imoue was raised the other was lowert-d ; 
hence tin? two pistoms alteruati'ly approachml to and reeeibsl fnan f'seh 
other, and conHeipnmtly out? of them wan always forcing up water when 
ever the ma.cldnt? was at work. Transimt ions*Hoc. Arts, voh %%nm. 115. 
We l)ell<?ve these pump.s hav<* never been much nsmf, nor do wo think tiny 
p 08 st?ss any adva-utages over two HttparaU? one.s; for they iire ail iiiteiilii 
and purposi's doulde pumpH, The eylindiirs ari' twice iljc Imnph of iiingle 
ones- — t]u?y havi* two pistons, two rods, two Hiufllng bo,\cM, aiiii doulile the 
amount of fricaion of ain*»’h( sir** 
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destroy tlie vacuum upon whicli the etHciency of the machine i 
The same remarks apply to these that were made on atmospheri 
with two pistons, at page 2271 

There is a pump with two pistons in Besson’s Theatre des Ins 
which shows that such devices were known in the 16th century, 
sists of a square trunk four or five feet in length, and the bore fi’ 
inches across, immersed perpendicularly in water at the bott 
well ; its lower end being open and the upper one closed, excep 
centre, where an opening is left and covered by a valve. A squai 
%vith its valve opening upwards, is fitted to work in the trunk fro 
by a rod connected to its under side, as in No. 126. A leve 
through the lower part of the trunk, (through slits made for it ir 
posite sides,) one end of which is secured to a piece of timber wall 
well, by a pin, on which it moves ; and the other end extends t( 
posite side of the trunk, where it is hooked to a chain that reac 
the pump brake at the top of the well. The lower end of the p 
is connected by a bolt to that part of the lever that is within tl 
This apparatus forms the lifting or forcing part of the machine, 
mon pump tree or bored log extends from the place to which t 
is to be raised, to the top of the trunk, and the junction with 
made perfectly tight : an upper box or piston with its rod is fittec 
in the tree like an ordinary wooden pump, while the valve on 1 
answers the purpose of a lower box. This rod is attached to the 
one side of the fulcrum and the chain that is connected to the ] 
lower rod to the opposite side, so that as one piston rises the 
scends and a constant stream of water is discharged above. 

This is the oldest pump with two pistons that we know of, ai 
one advantage over others, viz : in raising water without changi 
rection. We at first intended to insert a figure of it, but the £ 
for working it is too complicated for popular illustration. Altht 
tion is imparted to the piston as noticed above, it is not done diri 
by means of such an enormous amount of con] 
useless machinery as would excite amazement 
dern mechanician. There is an assemblage of 
levers, tongs and lazy tongs, chains, right and j 
ed screws, a heavy counterpoise and a massi-v 
lum, &c., all of which are required to be put in n 
fore the pistons can be moved. A figure of sue 
would possibly interest some readers as a ] 
curiosity, for certainly a rarer example of t 
of power could not well be imagined : it pr 
clumsy and ‘‘ round-about” a mode of accomp 
very simple purpose, as that of the genius wh 
ping a cask of wine, never thought of inse 
spigot into the barrel, but attempted to drive t 
on the spigot. 

Sometimes pumps with solid and hollow p: 
combined as in No. 130, a contrivance of M 
thick. The cylinder of a forcing pump comx 
with that of an atmospheric one ; both piston 
connected to a cross-bar and rise and fall togetht 
the pistons are raised the water above that in 
(or atmospheric) cylinder is discharged at the s 
the space below them is filled by the atmospl 
ing up fresh portions through the suction pipe 
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the pistons descend, the valve on die suction pipt^ clos(‘s, and the solid 
piston drives the water in its cylinder through tlu^ lu>llow ouo in the other, 
so that whether rising or falling the litpiid cunitliuK^s to fU>w. As doth 
cylinders arc filled at the same time, the Ikuh*. ot tiie suction pipi‘ should 
be proportioiiably enlarged. The plate bolted ovtu' tlu' (»pciiing at the 
lower part of one cylinder is to give acci^ss, iu iargt^ pumps, to the 
lower valve. 

In some pumps both a solid and a hollow piston an* iu;ule tc^ work in 
the same cylinder. Such were tho.se that e.oiistit iitt‘tl tijt* .‘>ing!o-rham- 
ber fire-engine” of Mr. Perkins. A plunger wt)rk<al thrimgh a Mtuillug 
box as in No. 123, and its capacfit.y was about lialf that td' the cyruulcr; 
consequently on descending it disphirml only that proportitui cd’the t-onteuiH 
of the latter. The 5Lpertiire.s of dischiirge w<‘re at tin* tipper part td’ the 
cylinder, ?uid a single nuuuving one at tlu^ fjottom. Fn»m tin* lower end 
of the plunger a short rod projecU‘d, to whitdi a. hollow piston t*r sucker 
was attached, fitted to work dost* to tin* cylinder, .so that wln*n tin* pltiuger 
was raised, this piston forced iill tluj water ahovi* it through tin* ilischarg" 
ing apertures. To convert one of tlu‘.si^ pumps into ji lin* t*nipnc, dm cy- 
linder of the pump was surroundml by a shorter one of jiheet coppi*r, the 
lower end of which was left optm, and its upper out* sec’tired air*tt*»ht. to 
the Hanch of the pumj); the hjmico left hetW(T(*n tin* twt» forniing; a paasage 
for the water expelled out of tln^ inner oin*. A, hirger smtl clo .e i'ylinder 
encompassed the last, juid the spina* hctwc'eu them was tin? air cliainber, it* 
the lower part of which it ho.se ptp<' was atfucln*d by a coupltsig ?a*rcw 
in the usual wiiy. 

Such pamp.s a.re more compact than tln»sc with tw<i cylindf*r.i» bur they 
are more comp]i?x, l(?s.s <*llic.i(‘nt, mul nioia? dillicult to ki*t‘p in mater and to 
repair. The irictiou of tiie plunger anti .stic.kt*r is much greater than that 
of the piston of Jin ordinary douhh* Jicting pump <»f tin? wiune dimeiiMioni; 
and the l!itt.(?r disci ia.rg<‘.s (Itmlfle the tpianfity water; for although doiibki 
acting, th(} (?lU‘ct of thc.s<‘ [utmpH iHiuiIy ei|uui to .singht acting oneji. 
the above reasons they have?, we b(?Hevt% become obsoieti? cu* nearly no. 


C II A V T K n V , 

Rotauv or rotatory pumpai Uniformity in offortB mmU to iiniirovo rtttiow » 

convort rrctiliimar nuil roaiprocutinjr iiwvomontJt into oirowlnr of t 

opinion rcwpoctiiiK eircutftr molums^AtlvtnUage# of rulary motioiw In vmimm marliiiiP* 

Oporatioufi of «i»i«iniug ami w<ihvI«k; hi»loriral mt^oloto)* ttiow-.|iotftry ptiwp iVotn m* 

vicro-Int.-roming iuvcmtUnw of Ia«^~4.?!w«itiou»on of rotary nml pomp’' 

Another duN« of rotary pumpw— Rotary pnmp of iho itkh rimiury«™l»«mt» with liultn^of Trot 

ter’aoiiKluo and pump-^-Fronoh rotary pump-»Branuih ami i»«wp«Roti*ry ptiMips. %% ult pia 

tona in tho form of vanoK-Contriftigai |»ump-».nororia «.f rotary p«»ipis~.Ro«‘iprwatU»i r«»tary pump* 
A J ronch ouo"— An KnKli^h ono»*»»UoroRia of thoao ptunpii. 

No one can^study the pa.st and present history of nmehinei 

and deric(*H without, perceiving a striking unifunutty in the effurt i mnde 
to improvt? tlnun in dl.staiit tiin<*H and cttuntries ; tht* sann* genera! defects 
and .sources of (hifecus iiKvay.s to have la^en (Ietecf(*(b and .dinifar me- 
thods hit upon to remedy or rmnove thmn: the* sane* picas, monaiver, led 
inventors to modify yml ap]dy rnachiiu*.s tet otla*!* pnr|>o;u**j tlmn tlacie ft»r 
wlucluhey were originally desigut'tl, aiiel ulsei tt» increa-a* their effect by 
changing die nature and dir<;ction oftlieir nn*ti<ms, So iiniftimi Imve been 

3(i 
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the speculations of ingenious men in these respects, that one might h 
most led to suppose they had reasoned, like the lower animals from a 
mon instinct ; and that the adage of Solomon, “ there is no new thin^ 
der the sun,” was as applicable to the inventions of man, as the wor 
nature. It would indeed be no very hard task to show that the pree 
was correct, to an extent not generally believed, when he penned th< 
lowing interrogatory and reply — “ Is there any thing whereof it m£ 
said, — See, this is new I — it hath been of old time which was before 
Did a modern savan invent some peculiar surgical instruments of : 
merit ? — similar ones were subsequently discovered in the ruins of ] 
peii. Have patents been issued in late years for economizing fuel i 
heating of water, by making the liquid circulate through hollow , 
bars ? — the same device has been found applied to ancient Homan bo 
And the recent practice of urging fires with currents of steam (also pate 
was quite common in the middle ages. (See remarks on the Eolip 
the next book.) Numbers of such examples might be adduced fro 
most every department of the useful arts. 

From the earliest times it has been an object to convert, whenever 
ticable, the rectilinear and reciprocating movements of machines int 
cular and continuous ones. Old machinists seem to have been led t 
result by that tact or natural sagacity that is more or less common 
times and people : thus the dragging of heavy loads on the ground 1 
the adoption of wheels and rollers — Whence our carts and carriages :■ 
rotary movements of the drill and the wimble superseded the altern 
one of the punch and gouge, in making perforations : — the horizontal ■\ 
of the potter rendered modeling of clay vessels by hand no longer n 
sary : — the whetstone gave way to the revolving grindstone : — the tu 
lathe produced round forms infinitely more accurate, and expeditiously 
the uncertain and irregular carving or cutting away with the knife. 
quern^ or original hand mill, was more efficacious than the alternate \ 
of the primitive pestle and mortar for bruising grain ; and the V£ 
forces by which corn mills, have subsequently been worked, have al 
been applied through revolving mechanism. The short handles, o 
moveable stone, by which females and slaves moved it round, beca: 
time lengthened into levers, and being attached to the peripheri 
larger stones, slaves were sometimes yoked to them, who ground the 
by walking round a circular path. Subsequently slaves were replac- 
animals, and these, in certain locations, by inanimate agents — wine 
water. The period is unknown when man first derived rotary n 
from the straight currents of fluids, for there is no sufficient reason 
lieve that the water mill located near the residence of Mithridates w; 
first one ever used in grinding corn : that may have been the on( 
known to the Romans ; but it is very probable that such machines as 
as wind mills were in use in Egypt, Syria, China, and other parts of 
in times that extend far beyond the confines of authentic history. A 
gram of Antipater, a contemporary of Cicero, implies that water 
were not then very common in Europe. Cease your work, ye i 
ye who laboured in the mill : sleep now, and let the birds sing to the : 
morning, for Ceres has commanded the water nymphs to perforre 
task ; these, obedient to her call, throw themselves on the wheel, 
round the axle-tree, and by these means the heavy mill.” 

Rotary motions were favorite ones with ancient philosophers : 
considered a circle as the most perfect of all figures, and erroneous! 
eluded that a body in motion would naturally revolve in one. 

To the substitution of circular for straight motions, and of continue 
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alternating ones may be attributed nearly all tlic convenicniec^B and eb'gan- 
cies of civilized life. It is not too much to assert that tlu^ prc,\s(‘ut advanced 
state of science and the arts is due to revolving im‘chunlsin; we may 
speak of the wonders that steam and other motive agtnits ha.v<‘^ wrought, 
but what could they have done without this means of (‘iuplo\ inj;* tiuun t- 
The application of rotary, in place of other inovuuiuuits, is e.ouspicuous in 
modern machinery; from that which prop<‘Is th(‘ stately steam ship through 
the water, and those Hying chariots named lo(a)motivt‘.s” ovtu* tin* land, 
to that which is employed in the manufac.iurt* of pins and pcfmtint:; of uet‘- 
dles. It is by this that the irn'gnlar motion of tlu' an(ti<mt flail and prinu'val 
sieve, have become uniform in thrashing, bolting and winnowing m:iehtm‘s; 
— hence our circuhir saws, slnairs and slitting mills;— tin* abolition of 
the old mode of spreading out metal into slnu'ls with the Imiunuu*, by 
the more expeditious one of passing it through rollers or ilattiui^ mills 
and hence revolving oars or paddle wlunds f(»r the propidsion of vessids-^ 
the process of inking type with rolhu\s in pla.c(‘ of* hand balls— rotary and 
power printing presses — tuul rt'.volviug machin<*s for planing inm and 
other metals instead of the ancient practice of (diip|fmg olldsupt'rliuous por- 
tions with chisels, and the tt'dlous opiuailion of snuxulilng* the surfaces 
.with flics. 

But in few things is the (^Hect of this chang’t; of motion monmumspi- 
cuoLis than in tlie modern apparatus for pngiarlng, spinuin*,;' and weavin*; 
vegetable <uul other fibres, into faiuacs for c.lothiiig. din* siniph* app!ic*ai!<»n 
of rotary motions to thesi* ojxu'ations has in a. gr<‘at degr(*e r«*volutinni'/.ed 
the dom(\stic ec-onomy of tliii world, and has inc.reased tin' genernl com- 
forts of our racu! a, humlnsl fold. I'h’om tin* begltming of time f<*ni’diss 
have spun thnsid with tin? distad’ and splndh' : Naamuh the antetliluvian, 
and Ija-clu^sis Jind Ompliah^ tln^ myth(dogicu] spinsters, liavi' bemi hnt"* 
tat<ul in th(i use of’ th(ts(* imphumuits by tin* imlustriouH of their sex in nil 
ages and c.ountries to <[uitt‘ modmvu <lays, and csven at present iliey are 
employed by a griait part of the human family. In Indm, (dfum, Japan, 
an(i givum-all^ through all th<‘ Ihist, as W(‘II as Ijy the Indians of rhi:; lie- 
misphert^ this mode of making thread is contimual : the filunamts are 
drawn from tint distaff and twisted by tlu‘ finger and thumb, the threatl 
being kept at a projxu* t<‘nsion by a UK'tallic or oth(*r spimlle, sus- 
pended to it like lint |>lnmmet of a buihhu'hs ievtd, and tlie momentum of 
which, while turning round, kia'ps twisting the yarn or thread In ilie 
interim of repeating the o|H‘ratioa with the ilngtu's » The thread an it iii 

urn lamirrous nlluHioas in hktary to thin prinhtivc nnufe ofspiniiinic, ihiit am 
highly illnstratiya ornnrimit immnerH. At tho buttle orHulnnhs, tluiHUi Artiuawifi cmin 
nimulad a nhip in the PorHinii tlrat, and Xorxos, m a rcHn|jlinicnt to her Imivcry, »c«| 
her a roniphvtcs nuit ofarinor, while to hia genrriil (who wan dcfeiUrd) ha priWijtiai a 
diHUitVaiul Hpiiidle. When Pheretine applied to Kneldion ofC’ynriw for an itriny to re» 
cover her former diphty and eonntry, he intimated the impropriety of her eondurt hr 
sendin/t her a dwtatfof wool and a ^tolden Houidle. Herod, iv, U5‘i/llerrnle« attempied 
to spin in the pnpnce of Omplnde, and sfm bantered him on his nneouth manner ttf 
holding the (liHtair. Amon|( the (ireekn and Roinuiw, the ritiw of nmrriu|ri« direcUeit fh# 
aUcmtion ofwomen to spiiminj^ ; a dUlatf and ileeee were the emidema and ohjeeiii of 
the houHitwififs Inhorn; and so they were ainon^t the JtuvH— “ A virtooufi womnn fMiiy# 
Solomon] luyelh her lumdM to the apindUiand Iier hands hold the dtHtidf." When lii» 
cretin wum HurpriHed by the viait of <h)Uatinu« and liia emupaiiiomi of the camp, ulihon^b 
tlie night wan far iidvaneed, they found her with her nmidH engaged in iiplmnng, A 
painting found in Pompeii representn tHynHea aeuted at his own and eoneiwletl 
under the garb of a beggar; Ihm<dop(% who ia intpiiring of the suppo>a*d memlieaiit for 
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formed is wound round tlie spindle. In 1530 Jurgen of Brunswick de- 
vised a mticliine which dispensed with tliis interniittiug action of the fingers, 
i €, he iuveutCHl tlie spinning v'?teclf which rendered the operation of 
twisting tin; filaments nuiform. The wheel, however, like the primitive 
apparatus it was desigmal to supersedt*, produced only one thread at a 
tinn‘; hut in the last century Hargreaves produccal the spinning jenny,’' 
hy which a singh* ptu'son on turning n wheels could spin cighty-lcmr threads 
at once; tlnni folio wtal tlu' “rollers” of Arkwright, the “mule” of Crompton, 
to which may h<‘ aihhal the “ gin” of Whitney, and also ‘‘carding engines,” 
in phic<‘ of the old liand (airds, all composed of and })ut in motion by 
n^volving mai'liimuy lhcs(‘ huvti iiuhhinitely extended tlui spinning of 
thrt*ad, and r(‘li(‘vcil fciunh^s from a sptu*ies of labor that, more than any 
other, occupitel their attention from tlie la'ginning of the world j and lastly 
“ power looms” iinpelhal hy water, wind, st(‘am, or animals (through the 
agtmcy of cinadar movaummts) art' rapidly supt*rseding tin's irnsgular and 
aittumatin;,^ motitm th’ human haiuls in thrt»wing tins shiitlh* to and fro. 

'Fin' conversion ot* intt'rmlttlng into continuous circular movenu'uts is 
jilso ohvious in ancit'iil th'vict's ft»r nusing watt'r. d'ln^ alttsniatt^ atuhm of 
th«^ swapt', tin* janlu aiul vibrating gutter thus bi'canu^ uninterrupted 
in tin' imri.i and tympanum— tin* irrt'gular movtmu'iit of tln^ cord and 
bucket la'ciHue uniform in tin* ehalu anti pots; and so did the motion of 
the pilclit'r tu* |iail as usetl by Imnd, wln*n suspt'ndml to the rim of a Per- 
man wiu*t*h Anti wlieu tln^ camstructitm of machiims did not allow of a 
HuitabU^ changt! or form, they wt*rt^ ofttm worked by cranks or otlier sinfi- 
liir tnovt'iiH'iits ; (td‘ this st'Vt'rai examph'S are givt'n in prt'c.eding pages;) 
Imt in no branch of tin* arts has this prtdereuce for circular movements 
<»vcr straiitht ones bet'ii so signally ('xhiblual as in the luimerous rotary 
pumps and srea,m engines tlnit have lu'eu and still ai*(j brought forward ; 
and in no dt'partmeut of maelfmt'ry has h'ss sucau'ss attemhal tin* change. 
Most of t!ie.‘*‘* marhliM'S that liave hitlu'rto hc't'u madti may la^ consuh'red 
n« failurt's ; this result is (smsetpn'nt on tln^ pnn'tical diHicultlt's atttuuling 
fhf'ir ctuisf ruction, au<l the rt'iuh'riiig td* tln*m dnrabha 'Flu'se. diirnmlties 
(wliich will appt'ar in tin* .‘.eriuel) art* to a ct'rtain t'Xtt'Ut rma,voitIahl{', so 
that tim prospect t)f superst'ding cylindrical pumps arul sttaim-t'ngines is 
pndiabiy as n'lnott^ as t'Vi'r. 

At an early stagtj in tin* progress of the maehlnes last namt'tl, \i laaaiino 
u ilesith'ratum with engineers Iti tibtidn a ctmtimnms rotary movt'nu'nt of 
thi! pi.sttm rod in plact! of tin* ortUnary n*c.tiliiu*ar and n't'iprocating one, 
that tin* huge “ walking crank anti conn<*cting sluift might he dis? 

pensod with, tin* massivt* fly-wln'cl either grtsitly redutaul or abandoned, 
atiii file powtu’ savt'il that was ctmsutned in ovt‘rcoming their inertia and 
frituiou at every stnikt* of tlu^ piston. R.t'astufmg analogous to this had 
long lieftire Ivd som«* ohl nu'chanicuins to convert dm motion of tht! coxn- 
niti'ii pimip rtal into a ciretdar one ; in tuht*r words, to invent rotary or 
ftifittory pumps* My tht*se tin* p<>wt*r expended in constantly l>nnging 
all tite witter in the c.y!indt*r and Huciiou pipe, idternatoly to a state of rest 
iiml ittotbii wm iiiivi'd, because the liquid is kept in constant motion in 
piissing llirciiigh them. The steam engitm was not only originally de- 
designed m a itih.siitute for pumps to raise watc‘r, hut in all the variety of 
its forms aiwl nioclilicaiitiim it has retniin*d the same analogy to pumps tm 
these have to Imlbwa. One of the oldest of modern rotary st(*am engines, 
that of M'urdoch, was a copy of an o!<l pump, a figimi of which, No. 131, 
i$ tid^eti from Servieri'fs coltectiorn 

'Fwo cog wheels, the teeth of which are fitted to work accurately into 
midi other, are enclom'd in an elliptical case. Tin? .sid(*s of th(?se wheels 
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No. 131. Rotary Pump from Serviere. 


turn close to those of the case, so that water cannot enter between them. 
The axle of one of the wheels is continued through one side of the case, 
(which is removed in the figure to show the interior,) and the opening 
made tight by a stuffing box or collar of leather. A crank is applied to the 

end to turn it, and as one wheel revolves, 
it necessarily turns the other; the direc- 
tion of their motions being indicated by 
the arrows. The water tliat enters the 
lower part of the case is swept up the 
ends by each cog in rotation, and as it 
cannot return between the wheels in con- 
sequence of the cogs being tliert.^ always 
in contact, it must necessarily rise in the 
ascending or forcing pipe. The machine 
is therefore both a sucking and forcing 
one. Of rotary pumps this is not only 
one of the oldest, but one of the ])cst. 
Fire engines made on the same plan were 
patented about twenty-five years ago in 
England, and more recently pumps of 
the same kind, in this country. We have 
seen one with two elUptiad wheels, 
which were so geared that the longer 
axis of one wheel might coincide (in ones 
position) with the short one of the othci*. Sometimes a groovt^ is made 
along the face of each cog, and a strip of leather or other packing se- 
cured in it. 

The pump figured above is believed to have been known long liefore 
Serviere’s time, a model of it, as of other interesting machines, having 
been placed in his museum without regard to its origin. Rarruilli is said 
to have described some similar ones m the middle of the 16th century, 
but we have not been able to procure a copy of his book. The suction 
pipe in the preceding figure has been added. In the original the water 
entered directly through the bottom of the case : the model was probably 
so made that part of the wheels might be visible, and the construction and 
operation of the machine more easily comprehended. 

Serviere was a French gentleman, horn at Lyons in 1593. Indepen- 
dent in his circumstances, and inclined to mechanical rcsearclu^s, he was 
led to establish a cabinet of models of rare and curious ma<:hines — of 
these some were invented by himself and displayed uncommon ingenuity. 
It does not appear that any account of the whole was ever published ; a 
part only being included in the small volume edited by his grandson, the 
title of which we have given at the foot of page 63. That work is divided 
into three parts : the first relates to figures formed in the lathe, a.s spheres, 
cubes, ellipses, &c. ; some, being hollow and containing others within 
them, like Chinese balls, are extraordinary specimens of workmanship. 
There are also vases, urns, &c. not only round and elliptical, but angular, 
so that not only were the oval and eccentric chucks known to Serviere, 
but the lathe for turning irregular surfaces appears to have been used by 
him. The second part contains an account of clocks all made by himself, 
the mechanism of which is exceedingly ingenious. Some arc moved by 
springs, others by weights, water, sand, &c. They are fully etpial to any 
thing of the kind at the present day : indeed that beautiful device by 
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of Serviere’s, besides several modifications of it equally interesting. One 
half of the third part is occupied with descriptions of machines for raising 
water : these consist of gutters, swapes, chain of pots, gaining and losing 
buckets, norias, tympanums and other wheels ; and lastly, pumps, among 
whiph is the rotary one figured above. Breval, in his “ Remarks on Eu- 
rope,” part ii, page 89, mentions several machines in Serviere’s “ famous 
cabinet of mechanicks” that are not noticed in the volume published by 
his grandson ; while others are inserted that were not invented till after 
his death, as Du Fay's improvement on the tympanum. 

Rotary pumps may be divided into classes according to the forms oi 
and methods of working the pistons, or those parts that act as such : and 
according to the various modes by which the hutment is obtained. It is 
this last that receives the force of the water when impelled forward by 
the piston ; it also prevents the liquid from being swept by the latter en- 
tirely round the cylinder or exterior case, and compels it to enter the dis- 
charging pipe. In these particulars consist all the* essential differences 
in rotary pumps. In some the hutments are moveable pieces that are 
made to draw back to allow the piston to pass, when they are again 
protruded till its return ; in others, they are fixed and the pistons them- 
selves give way. It is the same with the latter ; they are sometimes per- 
Kianently connected to the axles by which they are turned, and some- 
times they are loose and drawn into recesses till the hutments pass by. 
In another class the pistons are rectangular, or other shaped, pieces thal 
turn on centres, something like the vanes of a horizontal wind mill, sweep- 
ing the water with their broad faces round the cylindrical case, till they 
approach that part which constitutes the hutment, when they move edge- 
ways and pass through a narrow space which they entirely fill, and thereby 
prevent any water passing with them. In other pumps the butment is ob- 
tained by the contact of the peripheries of two wheels or cylinders, thal 
roll on or rub against each other. No. 131 is of this kind — while the 
teeth in contact with the ends of the case act as pistons in driving the 
water before them, the others are fitted to work so closely on each othei 
as to prevent its return. The next figure exhibits another modification o; 
the same principle. 

In 1825 Mr. J, Eve, a citizen of the United States, obtained a pateni 
in England for a rotary steam-engine and pump. No. 132 will serve tc 
explain its application to raise water. Within a cylindrical case a solid O] 
hollow drum A is made to revolve, the sides of which are fitted to move 
close to those of the case. Three projecting pieces or pistons, of the same 
width as the drum, are secured to or cast on its periphery ; they are ai 
equal distances from each other, and their extremities sweep close rounc 
the inner edge of the case, as shown in the figure. The periphery of the 
drum revolves in contact with that of a smaller (wlinder B from which £ 
portion is cut off to form a groove or recess sufficiently deep to receive 
within it each piston as it moves past. The diameter of the small cy- 
linder is just one third that of the drum. The axles of both are continuec 
through one or both sides of the case, and the openings made tight wit! 
stuffing boxes. On one end of each axle is fixed a toothed wheel of the 
same diameter as its respective cylinder ; and these are so geared intc 
one another, that when the crank attached to the drum axle is turned, (ii 
the direction of the arrow,) the groove in the small cylinder receives sue 
cessively each piston ; thus affording room for its passage, and at the same 
time by the contact of the edge of the piston with its curved part, prevent 
ing water from passing. As the machine is wmrked the water that en 
ters the lower part of the pump through the suction pipe, is forced rounc 
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and compelled to rise in tlie disfliarj^’injjf one, as indicated by tlie arrows. 
Other pmn|)s of the same class luivaj such a portion (>i the Kina, 11 cylin- 
der cut off, that the concave surface of the rtanaiiuhn' ionns a continuation 
of the case in front of the recess whlhi tlu^ pistons an* passint;*; and then 
by a similar movement as that usihI in tlm fii^un* d<!S(’.ril»ed, tlu^ convex 
part is brought in contact with tlui periph<u*y oi th<* drum till tiie piston’s 
return. 

All rotary })umps a.r(i l>oth suckln<j^ and fin*(*.ing inachin(‘S, atul arc* *»;e;ne- 
rally furnished with valv<*H in boih])ip(*s, as in the ordinary forcing pumps. 
The butuuuits are always plactal between the apertures of the sucking 
and forcing pipes. 



K<>. t:w. Nt». l.U 


Tlnua^ is aimtlnu* cJass of pumps that bcairs some reliiftorw!u|i the prt^- 
ceding— the c/JcaY branch, W(^ bellevt', of tlie same family* Uno oftlnw? is 
figurtai in the IMbnl lllururation: tin* imtnnmt consists ol a curved flaprlitif. 
turns <m a hinge ; it is so arrange<l as U» be receivia! into it recess formed 
on the rim or pmaplnu-y the and in(«j which it is fonaal bv tln^ 

piston. The concave side of the flap is td' the same curve* as the nin of 
the cast^, and wium |mshed back forms a part of it. Itrs wldtii is, of 
courmi, eoual to that of the drum, again:4. the rim of which it i lower t*d|»o 
is pressoa; this is effiaUeil in some pumps i»y :^priiips, in nther*i iiy camM 
cog wlttuds, &c., fixed on tlie axles, as in tlie la->t one. 'fin* force by 
whudi tim flap h urged aguinst the drum musi exceeil the pre'isun* of 
the liquiil column In the dischargiug pi|*e. 'fhe jumiicirculitr pieces on the 
out(»r edge of the represmit 4*ars for securing tlie pump to pliink’4 or 
fnt.nH‘H, iV;c., when in use. The arrows in tfie figures i-iliow- the direction 
in \vlii('h the piston and wau^r is moved. 

Sm*h nnudilnes Imve often b#‘en |.iattmted, lauh as pumps and sf«*iun- 
engim*H. In 1782 Mr. Watt thus secured a *'rofiuivt* engine** of thi-t kind, 
and in I7b7 Mr. (fartwrigfit inserted in tin* specification of iiis metallic pin- 
ton a description of iinotIn.!r similar to Waft*s, except tfiat the cnmi 
hiul t,W(^> flaps, and three ifmtons wito funned iui tlie tirum. In l8|H |\||% 
lloutledgi^ patenter! anotlit*!* with a ningle flap and ni.'>fon, (Ib’p. of Arts, 
vol. xxxiii, 2il «<!rif*s ;) Imt tht* priiicijde or prominent feature in all theio 
had been applied long before by I* reneb mei'liauicians. Nearly a Inin* 
drtul years before the «late of Watt’s patmit, dwow/o^M corntiiimiciiled 
to the Frt*nf‘li Academy a dinscrlptum of a rcna.ry pump subHtiintiidly the 
same ns n*preKenfetl in tin* lust figiin*. It is figured and flesrribed in the 
first volume of Mackhm Apyrtmv, p. lUd : the body of tins pump or case 
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is a short cylinder, but the piston is elliptical, its transverse diameter b 
ing equal to that of the cylinder, hence it performed the part of two piston 
There are also two flaps on opposite sides of the cylinder. A pump n 
unlike this of Amontons, with an elliptical case, is described in vol. i 
of Nicholson's Phil. Journal 466. Several similar ones have since bee 
proposed. 

In other pumps the flaps, instead of acting as hutments, are made 
perform the part of pistons ; this is done by hinging them on the rim 
the drum, of which, when closed, they also form a part : they are close 
by passing under a permanent projecting piece or butment that exten< 
from the case to the drum. _ 

In No. 134 the butment is movable A solid wheel, formed into thr( 
spiral wings that act as pistons, is turned round within a cylindrical cas 
The butment B is a piece of metal whose width is equal to the thickne 

of the wings, or the interior breadth of tl 
cylinder : it is made to slide through 
stuffing box on the top of the case, and 1 
its weight to descend and rest upon tl 
wings. Its upper part terminates in a ro 
which, passing between two rollers, pr 
serves it in a perpendicular position. " i 
the wheel is turned, the point of ea< 
wing, (like the cogs of the wheels 
No. 131,) pushes before it the water th 
enters the lower part of the cylinder, ai 
drives it through the valve into the ascen 
ing pipe A : at the same time the butme 
is gradually raised by the curved surface 
the wing, and as soon as the end of the h 
ter passes under it, the load on the r( 
causes it instantly to descend upon the ne 
one, which in its turn produces the sar 
effect. This pump is as old as the 16 
century, and probably was known mui 
No. 134. Rotary Pump of the 16th earlier. Besides the defects common 
century. most of its species, it has one peculiar 

itself : — as the butment must be loaded with weights sufficient to overcor 
the pressure of the liquid column over the valve, (otherwise it would its( 
be raised and the water would escape beneath it;) the power to work tl 
pump is therefore more than double the amount which the water forc< 
up requires. The instrument is interesting, however, as affording an 
lustration of the early use of the sliding valve and stuffing box ; and 
containing some of the elements of recent rotary pumps and steam-engim 
The pump represented by No. 135 consists also of an exterior case 
short cylinder within which a small and solid one A is made to revolve. *] 
the last an arm or piston is attached or cast in one piece with it, t 
sides and end of which are fitted to bear slightly against the sides and rim 
the case. A butment B B slides backwards and forwards through a stuffii 
box, and is so arranged (by means of a cam or other contrivance connect 
to the axle of the small cylinder on the outside of the case) that it can ' 
pushed into the interior as in the figure, and at the proper time 
drawn back to afford a passage for the piston. Two openings near ea 
other are made through the case on opposite sides of B B, and to these t 
suction and forcing pipes are united. Thus when the piston is movi 
in the direction of the arrow on the small cylinder, it pushes the wat 
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beforcs it, and the vacuity formed behind is instantly filhul with fresh por- 
tions driven up the suction pi[>e by tlu^ atiuosplnuH' ; and wlu'u tlu‘ piston 
in its course descends |)ast li B it swee{)S this wattu* up sanu' way. 
Bramah and I)ickt!nson adopted a modification of this muehlnc; in 1790, as 
a steam-engine and also as a pump. Kep. of Arts, vol, ii, ?:>. 



No. nx N»», mh 


N< 1 . 196 reprewtmts another rotary iuigim*. A future of it in inserted the 
ratlnu* lieeauHe it was reinventi»<l lien' a few years by a mtndnmie who 
was groiitiy tlistressed on tintUntj; that Im Inul i»eefHintieij»a!ed. A notietMd* 
it may therefua^ prevtuit others fnun t'Xperieneini^t a simiiar disappoint*" 
mtuit. Liki‘ most others it consistH of fwtt eoneentric cylinders or drums, 
tlumttinulur spiu’C bet\ve<»n them f«»rmin|^ the |mmp chamber; but the 
itunu* (Uie, insteatl of* reVidvliiLit a.'* in tht^ precedin‘( ti‘ 4 un?s, is imirurvable, 
b(fm‘.i^ lixtsl to tin* sides of ihe outtn* one or ease, d'he piston is a ri^ctan- 
gular and h»os<* piece <9* !»rusn or other metal nectintfid^y fiiftni tt» occaipy 
*oid move in tht^ spata^ htUween the tW(» cylitiders. 1 1 > drive tlte piston, 
and at thc! sium' time to hu’in a }>uiment between iIh" orifices of the unluc- 
lion anti etlnction pipes, a ihinl cylintler is emphyisl to which a revolvin|^ 
motion is Imparted by a crank and axh' in the unual way. dlfts cylimltn' in 
eccentric to the others, iitai is of such a diameter and thickne’is that its in- 
terior and exti*rIor snrfaei's touch the inner mal outer eylitiders us repn*’ 
sented in the cut, the places of t'ontact prevent ln|„( wat<u* frtun passing ; 
a slit or groove eejuai in width to the thickness of tlie pi iron tn made 
through its periphefy, into which tilit the pistoti is placed. Whin» furnetl in 
th<i dir(‘cti<m of the large arrow, the water in the low«’r part of tht^ pump 
is swept round and forcf»d u| the rising pipe, iind the void behind the 
piston is again filled by water ^♦om tht^ reservoir into which the lower 
pipit iri iimin-tfuL This miichin was originally designed, like most rotary 
pumps, for a Hteitm engine. It wm patente«! in England by Mr. Jolm 

rrotter, of London, in 1865, and is bmcribed in the lleperfory of Aiti, 

voLix, 2d neries. As a matter d .mur«e, he conremplatiHi its iippliciition 
to raise water The mud enf^lno .he observes | may be used to raise 
or give motion to fluids itt any directwat whatiwer/* 

In others the pistons «lide wnthin a revolving cylimler or tlnim that is 

concentric with the exterior one. No, LIT m a specimmi of a French 

pump of this kind. 9'ht> butmenr in the orm of a negmmit m iiecured to 
thc inner circumreretic.e of the ease, and the drum turns again«t It at the 
centre of the clionl line : on both sides of tlie place of contact il ii curved to 
the extremitiei of the arc, and tlie ucking and forcing pipes com«fittni«i^ 
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with the pump through it, as represented in the figure. To the centre c 
one or both ends of the case is screwed fast a thick piece of brass who 
outline resembles that of the letter D : the flattened side is placed towan 
the butment and is so formed that the same distance is preserved bet\ve( 
it and the opposite parts of the butment, as between its convex surface ai 
the rim of the case. The pistons, as in the last figure, are rectangul 
pieces of stout metal, and are dropped into slits made through the rim 
the drum, their length being equal to that of the case, and their width 
the distance between its rim and the D' piece. They are moved by 
crank attached to the drum axle. To lessen the friction and compensa 
for the wear of the butment, that part of the latter against which the dru 
turns is sometimes made hollow ; a piece of brass is let into it ai 
pressed against the periphery of the drum by a spring. 



No. 137. No. 138. 


In No. 138 the axis of the drum or smaller cylinder is so placed as 
cause its periphery to rub against the inner circumference of the ca 
Two rectangular pistons, whose length are equal to the internal diar 
ter of the case, cross each other at right angles, being notched so as 
allow them to slide backwards and forwards to an extent equal to i 
widest space betw’^een the two cylinders. The case of this pump is ; 
perfectly cylindrical, hut of such a form that the four ends of the pist( 
are always in contact with it. An axle on the drum is moved by a era: 
This pump, and another similar to it, were described in Bramah e 
D ickenson’s patent for three rotative steam-engines in 1790. Bep. of A] 
vol. ii, 85. Fire engines have been made on the same principle. 

Another class of rotary pumps have their pistons made somewhat 1 
the vanes of wind mills. They were originally designed as steam-engin 
and were, if we mistake not, first introduced by Hornblower, in the lat 
part of the last century. He employed four revolving vanes which w< 
so arranged that, while one passed edgeways through a narrow cav 
which it filled, the opposite one presented its face to the action of 
steam. These machines have been variously modified as pumps, but , 
nerally speaking they are more complex and of course more liable to i 
rangement than others : we have known two of them, fifteen inches c 
meter and apparently well made, (at a cost of 150 dollars,) which a fri^ 
used to force water'to an elevation of twenty feet, become deranged, e 

f.hrnwn apiidfi as iisfilfiss thft r.nnrsft of throo or fonr wooks. 
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drum or case, to which an ascending t»r forcing |>i|>e is attached: the 
water would rise througli the pipe, 2 )rovld{‘d the velocity of the anus was 
iucreastal according to tlic elevation of its discharging orifice. In place of 
tubular aiuns, two or more vages radiating Irotu a vtuaical axis and tunual 
rapidly in the case would j>roduee the sauu* effect,; tin? suction pi[)t? 
being connected to the bottom at the eenln^ and tin? huring pipe lu tin* 
rim or the top. Such [nunps a.re in tlu‘ir construction .slinplt‘r tlian tuber 
n)tarY ont's, besides which no particular accuracy is reipiirtnl in fitting 
r.ln‘lr\vt)rking parts; U(*v(*rtln?le.ss, they tin* as liable to derangennuit as 
otlnu's, for tin* vt'loeity rt‘<piin*d to Ik* givt'ii to the arms is so great, that 
tin? U'ctb of tin? wln*(*lH and pinions by which motion i?4 transmittt'tl U\ them 
art? sotni worn t)ut. 

( a‘nirifngal pntnps lik<* thost* just dt'scribetl have bet*n trictl m smbsti- 
lutes for patltlit? wlu‘tds of Ht<‘am»vt*ssels : /. c. tin* whet‘ls were cc»n- 
V(‘rted iutt> siich pumps by inclt»siug tin‘m in cases uiadt* air tight, i*xcept 
at tin* bottom thnnigh which tin* eutl.s of the patltlU'S slightly projecled ; 
a large suctitm pipe prt>ct*t‘dt*d from otie sitle t*ach cast* (near its ct*n« 
tr<*) through tin? bows oftlie vt‘sst*l anil terndnutt'd below tin* \Viitt*r line; 
by tin* rtnmlulhm of the wht*els water was tlrawn ibrtmgh tln\se tubes into 
tin? cast's and forcibly ejtTted beh»w in tin* tlirt*cti«tn t»f tin* stern, and by 
tin? rc*actioti moved tin* vt*sst‘l hirwartl. 

It must not 1 h? suppost*«l that tin* [U’eceding; tdcau'valitnis include an ac- 
<'-oimt of f/// rotary pumps. We have tody particnlari'/.ed a few t»ut id’ a 
great multltinh*, .sut?h as may serve as types of tin* various classes ti» which 
lhi*y belong, Wh’i’i* a <b-tail<*d «l<*si riptio!i given of tin* numerons fn'ms 
of these machine,;, nnah'.s of i»p<*railon, tie\ lc«-s f'ortipeiung and rtomng the 
valves, moving tin* pistoirs, «{imini*»hing friction, ia»ni|a-nsafing |i»r the Wi*ar 
of’ c«*rt,dn parts, l<»r packing tin* [listons, iS:<\ <k'c., tlaiM* reinh'rs who an? 
!iot I’mdli.tr with their history' would bt' snrpri a'ii at the ingenuity dis* 
playjsj, and would la? apt fi» conclud<* that all the aourt'eti of’ mechiinical 
isanbinatituis Inul been exhausteil on fln*in. We Wimtd advisi* evi*ry 
mechanic, who thinks he has ilis<’over!*<l an im|)rovi*in«*nt in rotary ptnnps, 
ca.rcfuliy tt» t'xitinini* tlie hU’pertory of Arts, the Tran-saedions of the Sti* 
eicty ef Arts, the Imtalon iMechanies' Maga/ata% lunl piirtlcninrly tin* 
Journal of the Franklin Institute of Pennsylvania, before incurring tin? 
expenses of a or those incident u* the making of models and 

rxperinu'uts. 

R.ota.ry pumps have nt?ver r«*tat«e«i a permanent place among macidtiei^ 
for raising water: tht'y are, a» yet, too complex and too eiodly deranged 
to be adapted for <*oinmon twix d'heoretically comaderetf' fiiey are per* 
I’cct machme?!, but the practical difficuhii's attending their cimiiirurlhin 
have hitherto retidereil them (like rotary Htt*arn i*ngines) inferior to otliers. 
'fo imrke them c^lfn'iiuir, thf‘ir Working parts ris|uire’ to lie atljiisfed to racli 
otlirr with unmand iieettracy and care, and even when thii k aerumpii’Jied, 
tlirlr efficiency is, by the unavoidalde wear of tlnc+o parti, speedily diini” 
nislied or desfreyed : fheir firnt cost is greati r than that ttf roiiimon pumps, 
and tin? expense of kee|fmg tln'tii in t»rder exceeds that of oiliers; they 
cannot, moreover, hi* repairi*fi by ordinary workini*fi, sinct* pf‘ctiliar tools 
are na|uireil for the pnrpose— a farmer might aiirn»st as well atfeinpt to 
rr?pair a watch as tun? of thene tnaclnrie?i, Ilitherio, n rotary pump hai 
her*n like the PsiilmiHtk emblem of human life ;«—*• Its iliiys an* iw grasi, 
as a flowin' of tli#? Iii*ld it fhmrisheth, the wind [of expt*rif*nc<* | piiiiiith 
f>v(*r If, sifid it is W«n*e xve inclined fo iiroidiecv. we orii* 
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nary wooden ones will tKen, as now, defy all attempts to supersede the 
object of tbelr manufacture. 

Reciprocating rotary pumps : — One of the obstacles to be overcome 
in making a rotary pump, is the passage of the piston over the butinent, 
or over the space it occupies. The apparatus for moving the butment as 
the piston approaches to or recedes from it, adds to the complexity of the 
machine ; nor is this avoided when that part is fixed, for an equivalent 
movement is then required to be given to the piston itself in addition to 
its ordinary one. In reciprocating rotary pumps these difficulties are 
avoided by stopping the piston when it arrives at one side of the butment 
and then reversing its motion towards the other; hence these are less com- 
plex than the former : they are, however, liable to some of the same objec- 
tions, being more expensive than common pumps, more difficult to repair, 
and upon the whole less durable. Their varieties may be included in 
two classes according to the construction of the pistons ; those that are 
furnished with valves forming one, and such as have none the other. The 
range of the pistons in these pumps varies greatly; in some the arc des- 
cribed by them does not exceed 90^, while in others they make nearly a 
complete revolution. They are of old date, various modifications of them 
having been proposed in the 16th century. No. 139 consists of a close 
case of the form of a sector of a circle, having an opening at the bottom 
for the admission of water, and another to which a forcing pipe with its 
valve is attached. A movable radius or piston is turned on a centre by 
a lever as represented ; thus, when the latter is pulled down towards the 
left, the former drives the contents of the case through the valve in the 
ascending pipe. 



No. 139. 



No. 140. 


Belidor has described a similar pump in the first volume of his Arch. 
Hydraul. 379. The case is a larger portion of a circle than that of No. 
139, and the piston is furnished with a valve. A pump on the same prin- 
ciple was adopted by Bramah as a fire-engine in 1793 ; His was a short 
cylinder, to ^ the movable axle of which two pistons were attached that 
extended quite across, and had an opening covered by a clack in each. 

No. 140 consists of a short horizontal cylinder ; a portion of the lower 
part is separated from the rest by a plate where the suction pipe termi- 
nates in two openings that are covered by clacks c c. The partition / 
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extends tlirougli the entire length of the cylinder and ia made air and 
water tight to both ends, and also to the plate upon wliich its lower edge 
rests. The upper edge extends to the under aide ol tlu^ axU’s to whieii 
the piston B is united. One end of the axle is passed through the, <‘ylln- 
der and the opening made tight ])y a stufilng box ; it is movod by a erank 
or lever. Near die clacks c c two other openings^ art^ made through the 
plate, to which two forcing pipes are secured. Tlu'st; tubes are heut 
round the outside of the cylinder and meet in the chamlau* C wdivre. their 
orifices are covered by clacks, ddius wlum the piston is turmul in either 
direction, it drivtis tlui waUu- befort^ it through out‘ or otluu* of these tub(»s; 
at the same time tlui void hdt. Indiind it is k<*pt fdhid by tin* prt*ssure of 
the atmosphere on the snrfactt of tin* liiptid in wiiieh the lower orifnte (d* 
th<^ suction pipe is placed. Tlu^ edges of tlu^ pistons are luatle to \Vi»rk 
close to tlui ends and rim of tlu^ cylinder by nusins <»f strips of hsither 
sertnved to tluun. Modifications of tlusst* pum|H havt* also lietm useti in 
Bngland as fir(‘-<mglni‘8. 

Reciprocating n)tary pumps have sprung up at different fimes both here 
and in kurope, atul havt^ occasionally ohtainetl ** a loriil habitation aiui a 
name,*’ but have never b<u’ome mndVauly (humeuicated, we believe, iii any 
country. We hav<‘ smui some (msigneil for ordinary ust^ that were ele- 
gantly finished, and (h‘Conittul with ami japan— they resemhieti 

those vxotic plants whicii napiire pi'cnliar care, ami are rather ftjr orna- 
ment than for uwn 

Reciprocating rotary pumps have also hern proporaal us stmim-tuiginei. 
Watt patented one in ilH2, 
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AmacAWis of i»um|»i tn mtulwru wwtff-'W'urk#: liy thn w»irkrt«il Aujr«« 

burnti ttitd “"“Kiojiulttr »n4roiil in Uni Inct^r iSty- (44 at ‘r»4ip4«> -ht l4uulti« hri4jg*» 

— Othc»r noiulon wtirku iimvi’il hy wnirf, %%i«4 b« 4 »* Ks,»a«''r tVnfrr 

wofks MCPlt'il ini r«tu Niaif atul tVnt XtiUr" ai t’afla w<*rU«i M MimU Krttu nl lUii- 

lawjttSn in making thum Mnmfirn»s*ar4>‘ i Anirra un wairr uorka , A j>aa>» v uf iht-m 4f »lu44t''« 

Inlrmhictlmi <if jmiitp# into wnUs* in fSiVw- Y«nK t iiv funn thn inuuiirp^ t4' tltt' <*<»TOm«*n C’mtiuitl 

previntts to tho wnr of In4«'|U’«ilir«««to--4*i44ui wninr-vKukn |nt»|Miw4 mul rnj««trn«"»’4 Hi 
«iiry luvtos iMUOit to muot itio onruitan- (tupY *’f on*' ■■'■?'it«uliaUan e»*tn|»jt«y' ‘AV»a*n -wnrk» at 
Blount, PhUa4^I{>hla. 

Bp.voim noticing another and a dilhuamt (dans of inatdiines, we propewe 
to occ.upy this and thc^ two mext <dmpt<*rs i,vith oluit^rvations on tla^ (uri- 
plojment of pumps in wniter-works,” ami as engines to exfingniiih 
— both in this country and in Kmaipe. 

Th(^ hydrattlic mactiiiiery for supplying im»di*rii cities with wafer gene* 
rally consists of a series of forcing pumps very aiiniiar to the inachim* of 
Ctesibins, (No. 120 ;) ami when tnnployed to raise wuiter front rapid 
streams, or where from tidiss or dittns a HulHcimit current can be- oltfained,, 
are worked lik<t if liy tmder or by overshot wlieids. An account of old 
Kuropcian water-works is an important desitlerafuni, for it would throw 
liglit on the history of pumps in fln^ rnlddh* ag«*H, during whicii litfli^ or 
notliing respmuing thmn is known. Thu older cities of CJernumy were tha 
first in mo<i<n*n days that adopttal flnnti to raise wafer for publii* purjirwes,’ 
Ivut of their coiwirucftmi, materials* and applicioion tifaler viiriciiis eirciim 
stances, we have no informathm in detail. Rivius* in fuf^ Ciimnumlmy tm 
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tlie macHne of Ctesibius, speaks of pumps worked by water wbee 
then common, (A. T>* 1548.) The hydraulic engines at Augslurgh ^ 
at otie time greatly celebrated. They are mentioned, but not descr: 
by Misson and other travelers of the 17th century. They raised the v 
130 feet. Blainville, in 1705, speaks of them as among the cunositi 
the city. He observes — The towers which furnish water to this cit;; 
also curious. They are near the gate called the Red PoTt, upon a br 
of tbe Leek which runs through the city. Mills which go day and r 
by means of this torrent, work a great many pumps, which raise wat 
large leaden pipes to the highest story in these towers. In the midd 
a chamber on each of them, which is very neatly and handsomely 
ing’d, is a reservoir of a hexagonal figure, into which the water is ca 
by a large pipe, the extremity of which is made, like a dolphin, and thr 
^n urn or vase held by a statue sitting in the middle of the resei 
One of these towers sends water to all the public fountains by sn 
pipes, and the three others supply with water a thousand houses i: 
city ; each of which pays about eight crowns yearly, and receives a 
dred and twenty pretty large measures of water every hour.” Tra 
vol. i, 250. Misson's Travels, 5 ed. vol. i, 137. 

Contemporary with the engines at Augsburgh was one at Breme?, 
is mentioned by several writers of the 17th century. It was erecte 
one of the bridges and moved by a water wheel : it raised water i 
reservoir at a considerable elevation, whence the liquid was distril 
to all parts of the city. An old author when speaking of it, mentio: 
android in Bremen, a species of mechanism for which the Germans 
at one time famous. At the entrance of the arsenal, he observes, ‘‘ s 
the figure of a warrior arm’d cap-a-pe, who, by mechanism unde 
steps, as soon as you tread on them, lifts up the bever of his helmet 
his truncheon to salute you.” 

There was also a celebrated water-engine at Toledo, the former ci 
of Spain. It raised the water of the Tagus to the top of the Alca: 
magnificent palace erected on the summit of the declivity on which th( 
; built; the elevation being “ five hundred cubits from the surface o 
river.” "What the particular construction of this machine was we 
not been able to ascertain, nor whether it was originally erected b 
Moors who built the palace. It is mentioned by Moreri as a “wonc 
hydraulic engine which draws up the water from the river Tagus 
great a height, that it is thence conveyed in pipes to the whole city ; 
in the middle of the last century (1751) the author of the Grand Gaze 
or Topographic Dictionary, remarks (page 1289) that this admi 
engine” was then “ entirely ruined.” 

The introduction of pump engines into the public water-works of 
land and France is sufficiently ascertained. This did not take pla( 
long after they had been employed in Germany ; and both Londor 
•Paris were Indebted to engineers of that country for the first machii 
raise water from the Thames and the Seine. Previous to their intr 
tion, cities were commonly supplied from springs by means of pipes 
early as A. D. 1236, the corporation of London commenced to lay 
inch leaden pipe from some springs at Tyburn, a village at that time 
miles distant from the city. This is supposed to have been the fii 
tempt to convey water to that city through pipes, and fifty years el 
before the whole was completed. These pipes were formed of sheei 
and the seams were soldered : part of them was accidentally disco' 
in 1745 while making some excavations, and another portion in 1765. 
don Mag. for 1765, p. 377.) In 1439 the abbot of Westminster, in ^ 
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the right of the soil was vested, granted to Robert Large the mayor and 
citizens of London, and their succes.sors, one head [n^s(‘rvoir| of water, 
containing twtmt.y-six perches in length and one in br<‘adtii, togctlu'r with 
all its .s))rings in the manor of Paddington : in consult ‘rat it m ot which 
grant, the city is for t‘ver to pay to tiu^ said al>l)ot or his sni‘ct‘sstvrs, at the 
fea.st of St. Pc‘t,tn*, two pejf/MT coms,” Thi.s grant vv<is conliniu‘d by Henry 
VI, who at tln‘. same tinu* a.uthon/aHl tlu‘ mayor and eitizmis, by a writ of 
the privy stniJ, to purehas(‘ two Imndnnl fotlnn'S oi lead “ tt*r th<‘ inttnnhal 
works oV ]>ipt^s and etyinlnils, and to impr(\u' plumbers a.mi la,bourt‘rsf ’ 
Maitliuid’s Hist, of London, pp, -bs, 1U7. 

In tin"! ytnTr ol’ Hmny ViH,tlu‘ mayor of the city oi (//ecc.v/cr, witli 
tlu', (h'a.u of tint chnrch tlnn-i*, wt‘ro authorized to ** ctmvey water in pipes 
of l(‘ad, gutUo's and trt*u<’h(‘s” frotn a neighbouring lull, satlsiying tln‘ 
owu(*rB of th<‘ groiuai tlun*e for tlu' digging tlnn'eoL’*^ In the folltiwittg 
y('ar, the luavor and burg<'sses <d' PtHfle wt'n* authorized to (“reet a. wind 
mill on the king’s wastt‘ gnnmd, and a, eonduil lusnl siKtmni feet Htptare, 

an<l to tlig and tlraw |wu,ttn‘| In, by, thriuigh ainl upon all |daceH met*t 
and convtnueut, ittlo and fnan the .sauu*, ^ve.— yi«‘i«litig yearly u> thi^ king 
and lii.H Indrs om* pe|)per e,orn.”^ It wtmhl appear that the n^servoir was Itt 
to(» low a situation for its enmieuts to ilow i(iron«*h pipos to tin* tt»\vn, atuf 
Inmct^ tht^wind mill to raise it .sullieit'Utly for that purpose. Idn* nmehine 
usinl vras probal>ly tin* chain of pots, whlcli, as n’lnarked pa»';f‘ Pie, wa?i at 
that tiniK* ofteti t'mpIoyi‘<l in sueli eases In tin* .'M)th oi Henry V HI, the 
(au*porati<in ol’ London was aulhori‘/.e<l to draw water thrtnif'h pipes jnuu 
various villagt's ainl other plaees within five miles of the i'ity, and ior flu'i 
purpt)se to (uiter any ground s inu t*nclo\et! with ** sttuie, lirick «»r mud 
wails, ami tlnus* to <ilg pits, treindu's ami ibtidieH ; to ereef insuls, lay 
pipt's, and make vatdts and ^r, 'Fwo years afterwitrds, (A. D. 

io H»,)a. law was passi'd by wideh those who destroyed caanduit bends and 
pipes, wen* put to death/ In lot?, William I#itrub camveyed water in n 
ieadt'u pipe from a etuidult m* H|jring, wliieb still bears his mifne.*^ 

In IdSri, the first pump maeblnes vvt*re used In l40iHlon, III ihiit year 
Peter Mauru’c, a (lermau enyineer, proposed to erect a machim* on the 
Thames for the more efleetiial aupply of fin* city, ** whi<‘h l>elng npprt>ved 
of‘, he ertnUanl the same in the river near Ltmdon bridge, which by suction 
and pressure*, through |tmups ami vidves, rai.a'd water tt) such a hri';ht as 
to Hupply the uppermost rttoimi id’ thc< loftiest buildings, in the highest 
part oi' tile eity therewith, to th<* grejit atlmiration (»f all. Tins euriotw 
maciune, tkt\fu\st of th*' kind, that t twr intn .writ in En^iand, usoi jisi liiglily 
a|)provetl of, that the lord, mayor ami taunmon cttuncl!. as an encourage’' 
unuit for the ingeuhmn engineer to proeeefl iu st» useful an undertaking, 
grant(*d him the use of one of the nrehtm of London bridg** to phiee liis 
engine in, for the b(*tter working thereof.**® Maurieehi engine coiwisted 
of a. s<*ries of forcing pumps (similar f<* Ncun IlH and l!il) seven inches m 
diameter, nud the pisiomi had a Htroktt of thirty inclu*«; they were work«*»l 
by an und«u’shot whf*el that %vaH pliteed umler one of the areiien luul 
turned by the current, during the rw«^ ami full of the title ; tin* watt*r 
wan rawml to an ehivafitui «»f 1^9 feet. The iiuiida*r of pumps ami wlieeii 
wat iubsec|uenrly incnmMful; but in wln*n the t-dd bridge was tiiken 

down, the wlioles were removed/ 

Two years t.H*ftire Maune.e undertook to riii«e water from the dliamafy 
Stow^ say»— * One liunsei propiised to bring water from Islewortli, m% : 

» Htatiitm al lar^e. lam. ‘Html. *lhid. **Mimlimd, IfK * Ilntl. IlM). 

^ A d«Hcrt|itinn of tin* lauahin Bridge Water- works, hy lietglitiui, may hi ift tfit 
PltiloH. Tnuw. %cd. vi, 'do’S, wjil in |>«iittgulii*rs* Phtlu-i. jj, 
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the river Uxbridge to the said north of London ; and that by a geometrii 
instrument: he propounded the invention to Lord Burleigh,” In 151 
Bevis Bulmer, an English engineer, undertook to supply a small distr 
of the city with Thames water, which he raised by four pumps that wc 
worked by horses. They were continued in use till the time that Me 
land commenced his history, viz : to 1725. The pumps of other Lond 
works were moved by horses, by wind mills, and others by the curr( 
of the common sewer.^ About the year 1767, one of Newcomen's stea 
engines was erected at the London bridge works to raise water at ne 
tides, and also as a se.curity against fire during the turning of the ti( 
when the wheels were consequently at rest. A company was incor] 
rated in 1691 to supply the neighbourhood of York Buildings with Than 
water: Newcomen’s engines were employed; and the pumps had so 
plungers, one of which we have figured and described at page 272 
Maitland enumerates them among other causes of the company’s embarra 
ments : the directors, by purchasing estates, erecting new water-woi 
[new machines for raising water] and other pernicious projects, have aim 
ruined the corporation; however, their chargeable engines for raisi 
water by fire, being laid aside, they continue to work that of horses, whi 
together with their estates in England and Scotland, may in time rest( 
the company’s affairs.”*^ A figure of this chargeable engine is inserted 
the second volume of La Motraye’s Travels; 

The author of the Grand Gazetteer, a folio of nearly 1500 pages, pi 
lished in 1751, was a native of Exeter, on which account he excuses h: 
self for describing that city at large ; after mentioning some ancient ® 
duits he observes : — this city is otherwise well watered, and not only 
most houses of note having wells and pumps of their own, but by the ri' 
water being forced by a curious water-engine, through pipes of bored 
laid under ground, eveii up to the very steep hill at Northgate Stre 
and then by pipes of lead into the houses of such inhabitants as pay a v< 
moderate price for such benefit. The said water house and engine w 
begun about Anno. 1694.” This extract shows that at the close of the 1 
century, such works were not very common in English cities : of this th 
are numerous indications : thus at Norwich “ the water- works at the n 
mills were undertaken in 1697, and completed in about two years.”® 

During the reign of Henry IV of France, John Lintlaer, a Flemi 
erected an engine consisting of lifting pumps (such as No. 125) at the P 
Neuf which were worked by the current of the Seine. The 'water 
raised above the bridge and conveyed in pipes to the Louvre and Tui 
ries. This engine received the appellation of The Samaritan, from bro; 
figures of Christ and the woman of Samaria, which decorated the fron 
the building in which it was enclosed. The success that attended 
experiment, led to the erection of similar engines at Pont Notre Dami 
figure of one of the pumps of which is inserted at page 277. 

The most elaborate machine ever constructed for raising water ^ 
probably the famous one at Marli, near Paris, for supplying the pu 
gardens at Versailles from the Seine. It was designed bjr Bannequr 
Dutch engineer, and set to work in 1682, at a cost of eight millions 
livres — about a million and half of dollars.^ We are not aware that 
description of it in detail was ever published till Belidor inserted a si 
account in the second volume of his Architecture Hydraulique in 17 
and such was its magnitude and the multiplicity of its parts, that he " 

^ a Maitland, pp. 622, 628. Ibid 634. Norfolk Tour, Norwich, 1795. 

d Desagaliers says eigJUy millions, about four millions of pounds sterling,” 
Belidor has only eight. 


W ater-worhs at Marli, 
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for a long time unwilling to undertake its elucidation, on account of the 
difficulty of describing it with sufficient precision. Its general h'uturea 
may be sketched in a few words, but a volimui ol' letter-press and auntlau’ 
of plates, would be required to explain anddedineale t lu^ whole iniuut ely. 

The reservoir or head of the aqueduct, into which wat(‘r Irom. the 
Seine was raised by this machine, was constructed on the top oi‘ a hill, 
614 toises, or three cjuarters of a mile, from the rivm% and at an tdi'vaiiou 
of 533 feet (English) above it. To obtain a sufficuMit motives pt»w(‘r, the 
river was ban*ed rq) by a dam, and its wliole width dlvidtui, h); plies, iuto 
fourteen distinct waUu* courses, into each of wliich a iargti undt^rsiiot wlieel 
was ereeUHl. The wheels, by nunins of cranks aU.tudied to both (uuIh of 
their axl(‘s, imparted motion to a iiumbtu' of vibrating l(‘V(n'S, and through 
these to the piston rods of betwcuui 200 and 300 smtkiug and fore.lng 
pumps ! The pumps Wi‘re divided into thrtu‘ s(‘[)arat(^ Th(‘ first cem- 

tained 64, which were placed luntr the rlviu*, and wvvo. worktal hy six of 
the wheels : liiey drew the water, by short suction pipt's, out of tlie river 
and forced it througii iron pipes, up tlu‘ lull ; but insteatl of pipes 

lieing continued directly to the reatuwoir, (which might hu,v«* Ihhui dttne 
by making them and thci machinery of suflicimit stnuigtli,) Kaimeipiin 
made them terminate in a large cistern, luiilt for t}u‘ juirpost*, at tlu» dis- 
tance from the river of 100 fathoms only, and at an ehtvatiou of about 160 
feet. In this cistern he tlum ])lac(‘d 79 otluu' pumps (tin* smauul set) to 
force the water thenct^ to unotluu* c.isttum 224 fathoms fuiliu*r up tlit* hill, 
and at an elevation of 185 fmu. above' tiu' otlu'i*. In this last (’istern 82 
pumps more (the third set) were fixed, which forced the coutmits to the 
reservoir. 

Intlms dividing the wu>rk, UaaiiK'epiin made a mistake for which no in- 
genuity could comptmsati^ : as tlui .st'cond and third seus of pumpi con- 
taining no h'ss than one kumlrvd and with till tlui apparatui for 

working tlu'ui, unu’cly transhu-n'tl throngh a part of the distanct^, llu^ water 
which tlie first set drew elirt'cily from the riv(U', llwy were in reality un- 
necc‘Hsa.ry, because tlu^ first s('t might havti Inum made to fortu* it through 
the whole distances; lumce tlu^y not only nseh'Hsly eomsunu'd (at least) 
four fifths of the pow<'r <*mployed, but tlu^y rcuiderc'd tlu^ whole mass of 
machinery cumbersome and compli<!a!e<l in ilu^ liigh(?st di’grei' ; and I'on- 
sequently extremely ineffich'iit, and Kubj('<u. to continual repairs, d'he 
first set of pumps, as alrmuly observ<*d, wen* worketl by the wheels near 
which they wen? ])Iac(?d, an<l the rt‘maining whet'ls imparte»l motion to 
the piston rods oftho second and third Hi‘tH, in tin* two ifistenmon the hill: 
of these, tlu'refon*, eighty-two pumps w<*r(* stutioiu'd at an eli'vation of 
upwards of thrc'e lumtlreil fi*et a/aar the power that workt'd them; and 
nearly //a/f a mile from it / an<l Heventy-nine W(*r*? one hundri*il fathoms 
from the whe(*l, and li\0 feet above tln^m! T<» wmrk tiu‘«e pumps, a num- 
ber of e/iahis, or jointed iron roda, wmre. mxtendetl on fram<*« rd»ove the 
ground, all tin* way from the cranks on tin? water wlu'ids in the riv 4 *r to 
both clsternH, wln*re thc*y were coune(.;t(*<l to tin? vllnitting beams to which 
the piston rods wc?re attached. It was tlie transmission td’ power to Kuc!h 
elevatifuis and I'xtrao nil nary distances by these chains, that acquiri*tl for 
the machitm the title of “ a mounment ol ignoranc.ed* 

A writc?r in the Penny Magaxino (vol. iv, page 240) wlio exatnined the 
machine in 1815, says the sound of these rods working was like that of a 
numlnrr of wagons loaded with bars of iron rumiing down a hill witJi 
axles never greased. The creaking and clanking (In? olmervt'sl must have 
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been estimated tbat 95 per ^ent of tke power was expended in commi 
eating motion to tbe apparatus ! 

The evil of working the pumps with shafts and chains at such gi 
distances from the power, was seen a few years after the machine ^ 
completed. In 1738 an attempt was made by M. Camus to raise 
water to the reservoir by a single lift. The attempt succeeded but ] 
dally, and the machine was much strained by the extraordinary eif 
chiefly because only a small portion of the power was used ; viz : th 
wheels that raised the water into the first cistern j the others which mo' 
the shafts and chains abovementioned, not being applicable for the j. 
pose. But even this comparatively small power forced the water to 
reservoir, and thus demonstrated the practicability of completing the w 
at one throw, if the whole apparatus had been adapted accordingly. ] 
thing more was done for nearly forty years, and the machine proceei 
as before till 1775, when another trial was made to raise the water c 
to the second cistern : this succeeded, and it was then hoped that the i 
cistern wmuld be dispensed with ; but many of the old pipes burst fi 
the undue strain upon them, financial difficulties impeded their reneA 
and the old plan was once more resorted to. The water wheels at 
fell into decay and were replaced by a steam engine, of sixty-four he 
power, by order of Napoleon; but the old shafts, chains, pipes and ciste: 
&c. still remain. 

A¥e have mentioned only 225 pumps, but there were in all upward 
250 ; some being feeders to others, and to keep water always over 
pistons of those near the river. As each purrip had two valves, an 
mense quantity of water must have escaped at every stroke on the of 
ing and closing of 500 of these ; to which may be addeef that which lea 
past the leathers or packing of the pistons, and through the innumen 
joints. The 64 pumps near the river were placed in a perpendicular p 
tion and had solid pistons. They resembled No. 118, except that the si 
ing as well as forcing pipes were united to the sides of the cylindt 
those in the cisterns had hollow pistons, and the cylinders were invei 
and immersed in the water : one of them is represented at No. 126. 

American water-worics. — A history of these is desirable and is ^ 
tainly due to posterity. There are circumstances connected with t 
origin, plans, progress and execution, especially in the older cities of 
Union, of Mexico and the Canadas, that ought to be preserved. An 
count of them would be useful to future engineers, and, as a record of 
torical and statistical facts, would include matter of general interest in c 
ing times. The circumstances attending the first use of pumps and j 
engines, &:c. may now be deemed too trifling to deserve particular not 
but they will increase in interest as time grows older. When the desi 
that awaits the republic is accomplished — ^when the continent beco: 
studded with cities from one ocean to the other, and civilization, scie 
and self government pervade the whole j then every incident relating to 
early cultivation of the useful arts and improvements of machinery wil. 
sought for with avidity and be dwelt upon with delight. Why should 
the introduction of the most useful materials, manufactures and implem< 
into this mighty continent form episodes in its history, as well as 
fleece, the auger, saw, or bellows in that of classic Greece ? And > 
should not the names of those persons be preserved from oblivion i 
7iere made the first pump and fire-engine, the first cog wheel and ste 
engine — who built the first ship, forged the first anchor, erected the 
saw, slitting, or grist mill— ^who made the first plough, grew the first wh 
raised the fii'st silk, wove the first web, cast the first type, made the 
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paper, printed tlie first book, &c. &c. 1 It is Biidi nuni as these and their 
successors, that found, strengthen and enriclx a nation- — who, without os- 
tentation or parade, promote its real independeiuu; — nuui, w1h)S('. labors 
should be mentioned in the national archives witli honor, and wliose sti - 
tues and portraits should occupy the niches and pam^ls oFtlu* eapit,(d. 

The precise time whim pumps were first introdvKunl into New- York is 
uncertain. This city, as is well known, was founded by the Dutch in 1014, 
who gave it the apj)t‘llation of New-Amsterdam, and to tin* c.olony that of 
New-Net herlauds ; names that wen; continued till llie Dritish, in 10(11, 
took possi‘ssion of both and Imposed tlie |)n\S(mt ont‘.s. In examining the 
manusmipt Dutch ri'conls in tlie ofiuu; of tin; clerk of tin* Common Conn- 
(;il ; (a. volunu; of whi<;h iuifiuding tin; [Kudod that t‘Xtends from IVbiy 29, 
1(M7, to iOOl, has been translated,) we have not met with any ridi*ri;uce 
to pumps, (‘itlnu* in widls <»r as fire-engin<‘S. In tin* first volume* of “ ilh- 
‘HuN's of the Common Conneil*' (in mamisindpt) whiidi mnbraces the trans- 
actions from ()(;toher I07o to Oc.loher 1091, are several ordin.ances relating 
to wells, hut no mention is made of pumj>s or lUlnu* d<*vi<‘e.s hy whlcJi tin; 
wat(;r was raised. In tin; m*cond vohnne under tin* ilati* of August 91, 1094, 
a resolution dlrecfi'd that ** tin; |>ublic wells within the city he repairml as 
formerly.^* From the fidlowing exlra<;t it appisirs that the water was 
rais(;d hy ti cord {ind bucket, ti, windlass, or a svvsipe : Si'ptember 24, 1700, 
** Ordered that the neighbourhood tluit live mljucent to the kingV farm 
and iuive b(;in;fit of tin* puhlii; well then* huilt, do contribute to the charge 
thereof in proportion, or else In* deharnsl from tlrawini( water there.** 

In tiie third voluun*, I’outainlng miuutt*s fnun h'ebnmry 1702 to March 
1722, are not.ic<*s n‘sp<‘<’tiug wells ti» Im* ting and otln^rs to he filled tip, huf 
notiung is said respecting pumps I icing plarett m any. The name reinark 
ap})li<‘s to tin* fourth vohnm*, Including a periotl (»f eighteen ycairs, vl»s : 
from April 1722 to St*ptt*mher 1740; and yet it wmtld seinn that pumpd 
wen; at this last date used in some of the puhlie wells, for iu the fifth 
volume under the ihite ot* Octolier 2b, 1741, fliey are refe.rred to in a “draft 
of a bill for m(*mlitig and keeping in n^pair the puhlii; wells and rtiMes in 
this city and again November K, 1792, a hill was befi»re the corpornttou 
*Dbr keeping in nnuilr tht* ptdilic w(*lls ano rtiMes; iin<l January 10, 1709, 
two hundred pouruis | were) onliTod to he raised “ for mending and keeping 
in repair the ptdJic welk ano vvmvh.** Tin* prei’ise periotl when pumpu 
W(;re first introduci'd is ihendtus* un(*ertain; hut from the languagi* of the 
minute of October 1741, it wotild appear that they hud then fieen liiinifi 
time in use in public wells; and from another minute in tin* sinne vohiino, 
in prirate wells also, for it was ordered that “the pump** of an individuftl 
should be deemed a public mat and kept, in n*patr at rin; public t*X|ieiiiia, 
on an application to that efiect la*ing made by the (»\vner. 

From tin; rapid growtlt ttfthe eiry^ the number of Wells was tncroaaed, 
as now, ev(*ry year, and iu 1774 measures wt*re taken to insure a more 
abumlant supply from a large wt*ll in tlie {!ollt*rt, tin; water to be raised 
by machinery and distrilmted througli the city in winalen tupes. On the 
22d April of that year, Christopher (hies jiroposed tf> the cor|H»ratioti 
** to erect a res<*rvtnr and to convey water through the »evt*ra4 streets of 
this cityT The propo.siiion was Hulmet|uently approved of, and Mr. Cjole» 
direcleii “ to enlarge the wt*ll and proctaaiJ* A <*ommitt<*e was appointed 
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to assist Hm and to superintend the works, and several contracts were 
made for materials. To meet the expense <£2500 in treasury notes were 
ordered to be issued, and subsequently further amounts were printed and 
issued. One of the small notes is now in the possession of John Lozier, 
Esq., superintendent of the Manhattan water-works, and is in these words: 

NEW-YORK WATER-WORKS. 

No. 3842. 

This note shall entitle the hearer to the sum of TWO SHILLINGS, 
current money of the colony of New-York, jpayahle on demand, hy th^. 
Mayor, Aldermen a7id Common of the city of New- York, at the office 
of chamherlain of the said city^ ^pursuant to a vote of the said Mayor, Al- 
dermen and Commonalty of this date. Dated the second day of August, the 
year of our Lord one thousand seven hundred and seventy-five. 

By order of the Corporation, Wm. Waddell, 

ii^. J. H. Cruger. 


It appears that the well (near White street) was enlarged, and a reser- 
voir built, but no pipes were laid nor machinery to raise water erected 
before the war broke out and put a stop to the work. The project was 
not again revived till 1797, when the Manhattan Company was incorpo- 
rated : the present wells were then made and the water raised by three 
or four common forcing pumps, worked by horses. These pumps raised 
the water by atmospheric pressure twenty-five feet, and forced it forty 
feet higher, into a reservoir in the Park whei'e the post office is now (1840) 
located. In 1804 the pumps were replaced by two double acting ones 
(No. 122) fifteen inches in diameter and with a stroke of four feet. They 
were and still are worked by one of Watt’s steam-engines. The water 
IS raised to the same elevation as before. These works will probably 
be discontinued as soon as the Croton aqueduct, now being constructed, 
is finished- 

The first water- works of Philadelphia were commenced in 1799, and 
consisted of forcing pumps, worked by steam-engines which raised water 
from the Schuylkill into a reservoir constructed, at an elevation of 50 feet, 
on the banks of that river ; and from which it was conveyed to the city 
in pipes of bored logs. In 1811 the “ city councils” appointed a com- 
mittee to devise means for procuring a more perfect supply than these 
works afforded : and shortly after it was determined to erect two steam- 
engines and pumps on another location, viz : at Fair Mount, two miles 
and a half from the city, and near the upper bridge that crosses the Schuyl- 
kill. A reservoir 318 feet in length, 167 in width, and 10 in depth, was 
made at an elevation of 98 feet, into which the pumps forced water from 
the river. 

The great expense attending the employment of steam-engines led to 
the adoption (in 1819) of water as the moving power. A dam was erected, 
and in 1822 three water wheels were put in operation ; these, by cranks 
on their axles imparted motion through a connecting rod to the pistons of 
the pumps. In addition to the water consumed in turning these wheels, 
a surplus remained to work five additional ones, whenever the wants of 
the city might require them. An additional reservoir was also made, 
which contains four millions of gallons. The water in both is 102 feet 
above low tide, and 56 above the highest ground in the city. Iron pipes 
were also substituted for the old wooden ones. The whole was executed 
under the directions of F. Graff, Esq. 

We took the opportunity while at Philadelphia in October of the pre- 
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sent year (1840) to visit Fair Mount. Six bn^ast w1i<m4s (15 fe(‘t long am 
15 feet in diameter) were in operation ; eacli, by a <u-ank on oiuj (ind c 
its axl(^, oomnmuicatiiig motion to the pisUm rod oi’a single puinp^ Th 
pumps are double acting, the same as figun'd and iii'serihed at pugi' 21] 
They are placed a little below the axles of the whetds and in nearly a lu 
rizontal position. The cylindt^rs are 15 imdies diauu'ter; and, tlmt th 
water may not b<‘ pinch(‘d in its passages into and t‘seap(‘ ihnn tliem, th 
jnductiou and iulue.tiou pipits arc^ of tin^ saint‘ bor<‘; and all anglt^H c 
abrupt (diangits in their dire<uion and those of tin* mains are avoided. Idi 
stroke of two or thna^ ol'tln^ ])umps was four hau, and their wheels mad 
fourtiam n'Volutions per minute: tin* oth(u*s had a stroke of five feet tt 
inches, an<l tln^ \vlu*els jaudbrnnal (devtm revolutions in a minut<\ eons* 
(pnmtly tin; cont<mt.s of thi' I'-^ylindtu's of the latter wereempfietl itUo tl 
niS(‘rvoirs twtmty-two timi*H m the samt‘ period, and tliose of the furuu 
twenty-eight titn(‘H. Tht* cylinders are fed under a head of water fro 
the fond)ays juul tlu^y fi>ree it to an eh*vatlim of IMl f<n*t, through a di 
tarau* of An air chandau* is adapi<*tl to e:ieh. 

It is impossible to examine th<‘se works without paying homage to tl 
ach?nct‘ an<l skill displayed in tln*lr design and e\e<*ut!on; in thtw^ rt* 
pe.cts no hydraulic works in tln^ Union can (uunpeti*, nor tlo wt! iHdhw 
they are excelhul by any in fht^ worhl. Not tiie smalle\t leak in any * 
the joints was discovtuaul ; and, with the t^xeepdon of the water nisfut 
on tlui whiuds, the whole op<u*alion of fojadng up tlaily tnillions t»f gallo] 
into th<^ res<n'voirs on the mount, aial tlms furnishing in ahmulance one 
tlu^ first n(*c.t‘ssaries tddife tii an immemu' pc»jMdatitui-*«wiut perfornietl wl 
less noist? than is ordinarily made in workm|^ a smith’s l»ello\vi4 1 T! 
picturesign^ location, the uealnesH that reigns in tin? bulltlingi, the wall 
around tii(‘ restn-voirs and the gnnmtls at large, with the heiuuy of the ill 
roimding sciunu-y, rentier the name t»f this |j!ace singularly ii|ipn>prkt€i. 

I)r. 1\ V. Jones, tin? tah*nt<al edittir of the Journal of the Franklin I 
stituti?, pnnnist^tl Ins nnnltu's A history of llm tudgin, prtigress and pr 
Bent state of the Waterworks at Fair Mount/’ «t>nn? years ago, but wfu< 
has not yet been published. Hb famtliunty with the subject In geiunn 
and with those works in particular, would make the hi-iiory highly inte 
0 iting to the |>re«eiit generation, and a Hmirco eg* valuable Inibrinalitui 
future one.s. Bee Jotinml of the Franklin Institute., v«»L ill, first fierhii 
which contains a plan atnl section of one of tin? wheels aiul one of tl 
pumps. 

« Whnt a cmuriwi witli th« old warkii at Lofnkni hrulge, whrra oiic workici ii 
tmn itaall pumps ; the friction of ihii riumcrtnii pwlotw ainl tfie tip|mrattw fur mavii 
them coasumiiif a great portion of iltn powir umplojed, 
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CHAPTER VII. 

Fire-engines : Probably used in Babylon and Tyre—Eraployed by ancient warriors—Otli 

theirs Fire-engines referred to by Apollodorus — These probably equal in effect to ours : i 

Heron ; Fire-engine described in it— Pumps used to promote conflagrations— Greek fire, a 

iccted by pumps Fires and wars commonly united — Generals, the greatest incendiaries 

Crates respecting them— Fire pumps the forerunners of guns— Use of engines in Rome— M( 
letter of Pliny to Trajan, and by Seneca, Hesychius and Isidore. Roman firemen— Frequ 
noticed by Juvenal — Detestable practice of Crassus— Portable engines in Roman houses- 
gines derived from the Spiritalia— Forgotten in the middle ages— Superstitions with regard tc 
attributed to demons — Consecrated bells employed as substitutes for water and fire-engin 
from the Paris Ritual, Wynken de Worde, Barnaby Googe and Peter Martyr respecting tb 
matic device of an old duke of Milan— Firemen’s appaimtus from Agricola— Syringes used i 
quench fires in the 17th century — Still employed in Constantinople — Anecdote of ilie Capu^ 
Syringe engine from Besson— German engines of the 16th century— Pump engine from De 
engines in London — ^Extracts from the minutes of the London Common Couucil respecting 
squirts in 1667 — ^Experiment of Maurice mentioned by Stow the historian— Extract from ‘ ab 
first inventors.’ 

Op tlie machines described in the Isf and 2d books some are e 
in raising water for the irrigation of land, and for numerous pu 
rural and domestic economy ; others in various operations of enj 
and the arts, hut with the exception of the centrifugal pumps, (N 
and 7,) the liquid falls inertly from them all — e. it is not forcibi 
as from a forcing pump or syringe : whether it be poured from : 
drawn from a gutter, escape from a noria, or from the orifice of 
or the spout of an atmospheric pump, it flows from each by the 
of gravity and consequently descends as it flows — such machines a 
fore inapplicable for projecting water on fires, because for this pui 
liquid is required to ascend after leaving the apertures of discharge 
a velocity sufficient to carry it high into the air ; and also when < 
to a distance through flexible or other tubes, to be delivered fron 
elevations far above the machine itself. As these effects are pro< 
the pumps described in the present division of the subject, most 
have at different times been adopted as fire-engines ; some accoun 
important machines may therefore be inserted here. 

Water is the grand agent that nature has provided for the ex 
ment of flames, and contrivances for applying it with effect have, 
civilized country, been assiduously sought for. In the absence 
suitable implements, buckets and other portable vessels of capacity 
have always been seized to convey and throw water on fires ; a 
used with celerity and presence of mind at the commencement of 
often been sufficient; but when a conflagration extends beyond the 
the fate of the burning pile too often resembles that of the ships o 

Nor buckets poured, nor strength of human hand 

Can the victorious element withstand. Eneid, v. 

The necessity of some device by which a stream of water might ' 
from a distance on flames must have been early perceived, and if 
to judge from the frequency and extent of ancient conflagrations, 
digious amount of property destroyed, and of human misery inc 
tliem, we should conclude that ingenious men of former times we 
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bors has reached our times. It seems exceedingly probable that some 
kind of hre-engines were used in the celebrated cities of remote antiquity 
— in Nineveh, Tyre, Babylon and others. It is scarcely possible that the 
Tyrian and Babylonian mechanicians, whose inventive talents and skill 
were proverbial, should have left their splendid cities destitute of such 
means for preserving them from the ravages of fire. If the great extent 
of Babylon, for example, be considered, its location, (on an extensive plain,) 
the length of its streets, (fifteen miles,) the height of its buildings, (three 
and four stories,) and its unrivaled wealth, together with the heat and 
dryness of the climate ; the necessity of such machines will be apparent, 
and what appears necessary to us, we ma.y rest assured, appeared equally 
so to its mechanicians, and that they were quite as capable of providing 
by their ingenuity for the emergency. Nor are we left wholly to conjec- 
ture respecting their knowledge of hydraulic or pneumatic machinery, 
since the most memorable machine for raising water in the ancient world 
was made and used at Babylon, and one which, as has been elsewhere 
observed, greatly exceeded in the elevation to which it raised it, all, or 
nearly all the water-works of modern days. Had they engines like ours 
then'? We dare not say they had, although we see nothing improbable 
in the opinion : the antiquity of the syringe is unquestionable ; and its ap- 
plication to project water on flames must have been as obvious in remote 
as in present times ; and people would as naturally be led then as now, 
to construct large ones for that purpose. 

There are other reasons for believing that syringes or pumps for squirt- 
ing water on fires were in use previous to the time they are first mention- 
ed in history. Fi?'e was one of the most common and most destructive 
agents employed in ancient wars. When a city was besieged or assaulted, 
it was the first object with the assailants to protect the moving towers, in 
which their battering engines, &c. approached the Vails, from being con- 
sumed by fire,' oil and pitch, &c. thrown upon them from the ramparts. 
Every source was examined that ingenuity could unfold, for materials and 
devices to protect them ; and as not only the lives and property of the in- 
habitants, but often the destinies of armies and even of nations were on 
such occasions at stake, it is reasonable to conclude that the most perfect 
apparatus which could then be procured, were employed both for destroy- 
ing buildings by fire, and also for preserving them from it. We know 
that men were specially trained to fire buildings, and that they were ex- 
pert in their profession, especially in shooting lighted arrows and darts 
into and upon structures that could not bo approached ; hence the neces- 
sity of devices for throwing water upon these missiles and the places in- 
flamed by them. There is an allusion to both practices in the Epistle to 
the Ephesians, vi, 16. Such a system of warfare copld never have been 
carried to the extent that it was, and for so many ages too, among the cele- 
brated nations of old, without forcing pumps or something like them being 
used to squirt water on such parts as could not be reached by it when 
thrown from the hand. We cannot conceive how the constant repetition 
of one army applying its energies to the destruction of another by means 
of fire, and the latter equally intent on devising and applying means to 
extinguish it, without the application of the syringe and of machines on the 
principle of the bellows occurring to them — an application so obvious 
(even then) that the slightest mental effort to produce a contrivance for 
the purpose could not have overlooked it, even if the occasions were of 
little moment, much less, when the inventive nowera of armies, and of 
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letters, to whicli we shall presently refer, it appears that among the R 
individuals were brought up to the profession of extinguishing fires. 

The Helepoles, or ‘town takers’ of Dernetrius, although proofs of h 
chanical genius, would have availed him little at the siege of Rhod( 
the movable towers of Hannibal at Saguntum, if these warriors h: 
been in possession of means to prevent them from being consumed 1 
fire of the besieged — of materials to resist its effects, and apparatus 
tinguish it. That the resources of the ancients in these respects we 
infei-ior to ours, may be inferred from several historical facts resp 
their modes of securing these towers. They were generally coveret 
raw hides, leather soaked in water, or cloth made of hair, and some 
although seldom, they were plated with metal. Such were some of 
employed by Titus at the siege of Jerusalem. They were seveni 
feet high and were covered all over with sheets of iron ; perhaps n< 
else could have resisted the incessant torrents of fire which the infu 
Jews showered upon them. But a singular proof of the sagacity a 
searches of the ancients is, that the modern application of alum to i 
wood incombustible was also known ; for Archelaus, one of the ge 
of Mithridates in a war with the Romans, washed over a wooden 
with a solution of it and thereby defeated all the attempts of Sylla 
the structure on fire. Thus we see that when mechanical means 
them, or were not at hand, they had recourse to chemical ones. Bt 
water and machines for dispersing it, were extensively employed oi 
occasions appears from a remark of Vitruvius. He observes that the 
stories of the towers contained large quantities of water for the pt 
of extinguishing fire thrown upon them. Of course they had mes 
projecting it wherever required, but of these unfortunately he is 
Montfaucon has engraved a figure of a species of wheel for the pu 
but its representation is too imperfect to indicate the nature of tl 
chine of which it seems to have formed a part. 

That machines of the pumj? kind were used on these occasions i 
dent from the temporary contrivance of Apollodorus, mentioned in t 
mains of a work of his On War Machines, and quoted by Professor 
man. We have noticed, at page 235, one of his plans for extingu 
fire in the upper parts of a building, and that to which we now re 
from the same passage. Water, he observes, may be conveyed to el 
places when exposed to fiery darts, by means of the entrails of ai 
these natural tubes being connected to a bag filled with water ; hy 
pressing the bag the liquid will be forced through them to its pi 
destination. This device, he says, may be adopted when the mi 
called siPHO is not at hand. Now if we had not known that the 
sipho was anciently used to designate syringes and other tubular i 
ments, the substitute which Apollodorus here proposes sufficiently | 
that it was a forcing pump to which he refers, and one too that, lil 
fire-engines, was furnished with leathern hose through which the 
was conveyed to the “ elevated places” he mentions. The importa 
flexible pipes accompanying the pump or sipho, when employed ii 
is obvious ; for one. of the objects of those who threw “fiery darts” < 
towers and other structures, was to fire them, if possible, at placej 
cessible to water for the most difficult to be reached — Whence the net 
not only of engines, to project streams of that liquid, but also of such 
to direct it to the places inflamed : and hence the suggestion of the 
mentioned by Apollodorus when artificial ones were not to be proc 
an ox was always within the reach of an army. 

As these engines would of course be similar to such as were u 
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extinguish fires in cities in times of peace, it is to l)e rogn^tted that neither 
Apollodoras nor Vitruvius has described thtnu : perhaps tlu'y were too 
common to have been thought worthy of particular muict'. In tlu‘ dcisigu 
and execution of their essential parts, they were probably (upial to our best 
engines. Some persons may doubt this, but it Bhouid be nunernlKjreal that 
the nature of ancient wars naturally led to the })eKt construction of all mi- 
litary machinery,* and of defensive apparatus, engines to (extinguish Jire 
could not have been the least important, when that (dtunent was univau*- 
sally employed. The contests of the ancle.nfs w<‘n^ often thost» ef nuadia*- 
nical skill rather than of fighting — conflicts of talent in <‘nginetu-iug than 
in generalship ; hentui the Ingtmuity disphiycul in their nnichtnery and iht^ 
woiuhirs wronght by it. Archlnuuies, by supt'rior machuu*s, jn'otccted 
f:: 5 yra.cus(^ for <ught ntonths against all tlu' (‘tlbrts of tln^ lt*gions t»f Marcellus 
and the Roman engiiu'ers. Tin? ,succ(!s.s«'s t»f DennUrius and Hannibal 
warn oftt?n <lue to the uovtdty of tlieir (uigint^s : tin' (hirthugmuan inarlun- 
istfi were imhual provu'rbially skilful, so mutdi s(», that in Roun' itself any 
curiouH ph‘C(' of mt'chanisrn was, by way of (‘minern*«% nunn^d An- 

citujt armies w<?re also oftim employed in obtaining, raising and cutting 
wattir; the hydraulic t^ngiinm of (Jauymede nearly mined Chesar find his 
army in Alexandria, Cyrus took Babylon by div(n*ting the emirse of the 
Euphrates, &c. The fretpient ust? of hydratilic engines in war tniln^r to 
extinguish fires or for otlnw purposes, would naturally haul to skill in mak" 
iiig as well as in using them. 



No. lit. Kgyjanttti of tit luftforo fttm BiSriteti*. 

That the idea of employing forcing |.iuriip« an fire-’engines was tmt new 
in the time td’ Apolitalorui or Vitruvmn, we have eoinduiivn evidetiee* 
Among tins small number of ancient wnttngi that eicapeil dngtruction in 
those dark and turbuhmt iigt'i that intervened between the thadine of the 
lie man powmr and the introduction of printing into Europe, wai a Clrtiek 
manuscript, containing an accemnr of various devicei for the ii|>pIi«iioii ©f 
wat4?r, and among tiwun an engine for extinguiihing fires. This iinall 
work was iUuitr&Uid wiili figures, like the original work of Vitruvim 
Several Latin translatbni were made and publiihed iii tht I61I1 and 17 tk 
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centuries, and most of them were ornamented with copies of the 
illrjstrations. This was the Spiritalia of Heron, to which we have 
referred, (page 270.) As the engine may interest some readers, 
of it is annexed. See No. 141 on the preceding page. 

To persons not faihiliar with hydraulic machinery this figure 
pear a rude and imperfect affair; but notwithstanding its antiquit; 
mutilations which it has unquestionably sustained in passing thr 
hands of copyists, it exhibits nearly all the essential’ elements of e 
engine. Like the machine of Ctesibius, Heron’s engine consist 
brass forcing pumps connected to one discharging pipe. The 
are secured to a base of wood and are partly immersed in wat 
are described in the text as turned or bored very smooth, with pi 
curately fitted to work in them. The piston rods are attached b; 
a double lever at equal distances from the centre or fulcrum at 
carriage not being necessary to elucidate the principle of the mac 
omitted by Heron. The rectangular figure into which the uppc 
the discharging pipe is formed, has certainly been added by soi 
criber of the manuscript. Neither Heron nor his contemporar: 
have made such an obstacle to the issuing fluid, and nothing of 
is mentioned in the text. There is, moreover, conclusive evidc 
the figure has been altered ; for example, there is no provision rej 
by which the direction of the perpendicular jet can be changed, a 
an engine made according to it, would, on this account alone, he 
now Heron not only describes a movable tube, fitted by a joi 
neck) to the perpendicular one, by turning' of which the water 
discharged on any given place, but he refers his readers to the 
it in the illustration. 

Had Heron’s machine an air cTiamber ^ This is an interesting 
since if it were determined in the affirmative, there would be 
for the moderns to claim in fire-engines except details in the coi 
of the carriages and other matters of minor importance, that 1 
left unnoticed in the Spiritalia. The accounts of machines by ar 
thors are generally very concise ; they did not think it necessar 
into that minutiae of narration that characterizes the specifications c 
patents, nor would it have been of much use to us if they had 
contrary, for the multiplicity of mere technical terms would ra 
increased than removed our embarrassments. This is evident 
variety of explanations given of a few such terms that Vitruvius 
in describing some of the inventions of Ctesibius and other mecl 
hence in all the accounts of ancient machinery^ it was of more ir 
to preserve the figures or illustrations than the text from corrupi 

The description of Heron’s engine which the text and the figt 

is, to persons conversant with such machines, sufficiently explicit 
exception of that part of both which relates to the discharging 
apparatus connected to it — or in other words, to the air vesse. 
there was one, we think every intelligent reader will presen 
Had the figure been always exactly copied by the multipliers 
scripts, of course no obscurity would here have been felt, but e\ 
state in which it has reached us, an air vessel is certainly portr 
may be asked, If this be so, why was it not discovered before ? 
because no one sought particularly for it : its diminutive size an 
resemblance to a plain tube would prevent any one else from re 

it. It will be seen in the figure that one part of the dischar 
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plan as those generally used in engines at this day. This part of tlio figiiro 
(and this alone) in Coinmandino’a translation of the' Spiritalia. is not sluavn 
in section, but the arrangernciut of the pip<‘s is [)n‘<*is<‘lY as shown in the cut. 
Now this addition to the discharging pipe <‘.onld not hnvo laxnt made in 
the 16th century, wlieu the work fell into the hands of printers and en- 
gravers, for at that time tln^ ust^ of it was not ktiown, whiles fnnu tlu^ small 
dimensions figured it (‘.ould h.avt^ been of no servitun d'hat it orlginatetl 
with Heu'ou and formed a promitnuit featur<‘ iti the original figure, is «‘vi- 
d(‘nt from the tt!Xt i when sptsiking of th<* <wape of tlu^ water fnau tliis 
part of the machiiu^, ho expn'Hsly states tiiat it was forced out , in the same 
maniKU* as out of a vas(^ or fountain, whieh he had pnwdouslv tleseribed, 
hy mranii of rompreaml air — * pvr orrrm in i/hw romprr.uum.*^ Nothing 
<*an be |)lain<*r than this; for ovovy manufacturer (»f ptnnps ktunvs that in 
till! abstmta^ of an air vt^sstd therei eotih! have been no air to compress. 

It is an interesting circumstance in fin" histtuw of this ancient engine 
that th(". air v<*sstd shouhl hav<* bet‘n preserved thrtniglt so inanv ages wlnrn 
its use was not known. While its si'/.e was clttnini^dnul its fortti was re» 
taiiuul. It is no wondt^r tliat fin* tdd eopyists eotisidertal if an unsighfiy 
and utmt‘c<*ssary enlargement of the discharging pipe, ami hence they re- 
duced it accordingly— certainly the fancy that eeulsl uild the nsUangular 
twist the appear part, would not hesltati" tci removt* tlm supposed thdt»r- 
mity from th<^ lowtu* one. Soim^ persens, «lereive<l by the iinperhuu re- 
prt‘sentaUon, have supposed that sueh eindm^s wer»' not ttsed in the time 
of Heron, and that tluHigun* and description wen* iiiserted in his work as 
incM’o hints for futun' meelmnleians to improvr iui ; hut the tlescrijuirm 
Hufliciently indicates tlmt similar nundiines were in iictual use,^ The mii- 
terlnls and workmanship idbhe pumps— merallic |>isrotm anil spindle vaiviti, 
with guaisls to prevent the latter from tiprming too far; the inotlt* of form- 
ing tiu' gtiost'-ms’k by a kitui <»f swivid joint, Homewhat likt^ llte union or 
coupling siU'ew ; tln^ application of an air vesstd j rwm pumps forcing wiiter 
through otie pipe, and both workisl by a flogble ftwiir, nro proofs that the 
machiut^ described by Heron was mntlier an ifhnd om% nor of recent 
origin or umu There are features in it that were ver_y slowly <hwtdoped 
1>Y mauufacturerrt in modf*rn tinu's. It is not at all irtiprobabh" that an- 
cumt engines were <a|utd in <"frect the bent of ours; Imr, wdiether they 
were or not, one thing is certain, that to flu* aticients belongti the nuuar of 
discovering tlie principles em|iloyed in them* machines luai c»f npplylng 
them to practice. If. is remarkalde too, that fire engitn*s made their firat 
app(*ariuice in ,Egi/pf\ thus adding another to the numerous obligations 
utnltH' whicth that wondt^rfiil cmmtry has phieed <dviliv;t*tl natiorm in fill 
times to comt". 

Hn.ving noticed tlie use of pumps tt^ firths in ancient warfare, 

wo may rmnark tliat they were idso tuiiphiyed in tho mitiiili" ages, if mit 
hefore, to promote conflagrations, vtii to hmeh streams of (hrtk^firr. Ihiifi 
mysf:c*ritHis sulmtance is n^presented as a htpiid ; Heckman says if cer- 
tainly was ont^ ; and so far from being f|ueneht*d, its vitilmice was aug« 
namtetl by contact with wafer. It was principally employed In naviil 
ccunbats, laniig enclosed in jars that were thrown into the hrcaile vefiwili. 
It was also blown tlirough iron and Cfipper tubes planted on the pr«»wit of 
galleys and fancifully slmped like t!n< rnotifhs of anirnitls, which seemed to 
vomit streams of lir|uid fire. Idn^re is among xho fignnm of war mfieliiiiiii 
in the old Ccermfin triirmlnrhin of Vegetius already mentloiit^d, oii6 tlial 

^ Bpirttfilia, p, 711. 

^ Siphonei autetn <|fiibui utiifitur «4 inciuttlia hoc mniln wiwimtiiittir.—IkW. 
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(judging from the flames issuing from monstrous animals' mouths) seems 
have been designed* for projecting. Greek fire, though it is difficult to p( 
ceive how it was done. Another mode of using this terrible materi 
was by forcing it in jets by means of large fire-engines,” and sometinG 
the soldiers sc][uirted it from hand engines.” Its effects upon those 
whom it was thrown, seem to have been somewhat similar to those p] 
duced by the composition of alcohol and spirits of turpentine recently ado] 
ed as a substitute for oil in lamps, and which has occasioned so many fa 
disasters, by the explosion of vessels containing it and its consequent d 
persion over the persons of the sufferers. It was easy (says Beckman) 
conceive the iaea of discharging Greek fire by. means, of forcing pum] 
because the application of them to extinguish fires was known long he/i 
its invention. It is supposed to have originated with Callinicus, a Syri 
engineer of Balbec, in the 7th century. It may however have been kno 
to the old Greeks and Romans, for they made use of similar devices ; 
projecting fire : Montfaucon, in describing their marine combats, obseri 
another mode of annoying enemies’ ships was by throwing fire there 
which they did after different ways, some using for that purpose sijphon 
and fire buckets, others threw in pots filled with fire.” From an expr 
sion of I)r. G. A. Agricola, a physician of Ratisbon of the last century, 
a work on Gardening, (see page 127 in Bradley’s translation) it would { 
pear as if something like the Greek fire was then in use. Enumerati 
several pernicious inventions, he notices “ That infernal one of gunpowd 
How many cities and fortresses has it ruined How many thousands 
men has it destroyed 1 And what is most deplorable is, that this art gro 
more and more complete every day, and is brought to that perfection, tl 
in Holland and some other parts they have fire pumps filled with burni 
compositions, wherewith they eject fiery torrents to a great distan 
which may occasion dreadful and irreparable damages to mankind.” 

Fires and wars have ever been deemed the most awful of earthly C£ 
mi ties, and, unfortunately for our race, they have too often been unit 
for warriors have generally had recourse to the former to multiply the i 
series of the latter; and in almost every age cities have, like Jericho i 
Ai, Hebron and Ziglag, Troy and Thebes, Carthage and Athens, Sag- 
turn and Bagdat, been burnt with fire ; and in some cases all the so 
therein destroyed” — “cities burned without inhabitants.” It was, we 
lieve, from the horrible, the inconceivable sufferings endured on such 
casions, that much of the thrilling imagery of the Bible was derived, 
the offending Jews, God was represented as “a consuming fire,” and tl 
were urged to repentance “ lest his fury come forth like fire, and bi 
that none can quench it — lest he break out like fire in the house of Jos( 
and there be none to quench it in Bethel and some of the sublimest 
fusions of the prophets have reference to “ firebrands, arrows and dea 
— to “ blood and fire and pillars of smoke.” In modern times, too, \\ 
riors have been the greatest incendiaries : hamlets, towns and cities h 
been wantonly consumed, and the “ gallant” actors have made the 
shiver with their shouts of acclamation on witnessing the spreading c 
flagration. Well did the ancients represent Mars fierce- in aspect, bi 
dishing a spear, and driving in his chariot o’er mangled corses, amid 
clangor of arms and the shrieks of the dying — Fear, Terror and Disc 
in his train, while before went Bellona, .with her hair loose and clot 
with gore, and a firebrand in her hand. And these are the demons i 
men professing Christianity worship with all the fervor of deluded 1 
then : and. what will in fntnre times a.nnear ineredible. thev demand 
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the boasted superiority of the age and the benign spirit and precepts of 
religion — the profession of war — the most prolific source of human misery 
and crime, is still deemed honorable; and men under whose tyranny na- 
tions and provinces groan, and by whom human life is extinguished not 
only without remorse but with indifference, arcs permitted to take prec^e- 
dence in moral society. Crates was certainly c;orrcx*.t when he iutimaU?d 
that wars would never cease till men bcicamc c‘.onvinced of tlu^ folly and 
wickedness of allowing themselves to be driven as soldiers likc^ sluu'p to 
the slaughter, or like wolves to devour each otlu^r — but as he mxpr(tsst‘d 
it, not till men become sensible that generals arc only ass drivers. 

As Greek Hre preceded gunpowder in Kurope, so j)uinps or ihti * spout- 
ing engines’ for projecting it may be consnhu’cul tlu^ forerunners of guns: 
it IS eweu possible; that tlui first itl<‘a of the hillcv (supposing tlu;y w(u*e not 
introduced from the east) might havtt Ixuui dt'rivtul from iietfulmital (explo- 
sions of the iupild in the pump cy liiuhu-s, whtm tin; [dstouH would of coarse 
be drivtm out of them like balls out of cannon. Hut Ih‘ this as it may, 
enough has benm adduccul to show that the forcing pump and its modifica- 
tions have exerted no small degreci of influence in ancient wars and coii- 
secjuently in the affairs of the old world. 

Although tht 3 police and otluu* arrangiuncuitH for tlu* actual HuppiH'ssicui 
of fires in ancient Rome are not w(dl ascertained, Honu‘ luttuH'sting parti<m- 
iars are known. A liody oi\firemen, nanuai nuttriculurii, was (’stablisluHl 
whose duty it was to (*xtingulsh tlu^ llanu's. Similar caun|)ani(!H w<u*<! also 
organr/ecl m provincial c.itic^s. This appt'ars from 'rrajaifs reply to Pliny 
respecting the formation of om; in Niconnulia. and from wliich we learn 
that these anchmt (inumm fnapiently cnamal (listurbauci's by th<nr disHcn- 
tions and tumults. Pliny (the young(n-) was govaumor of Bithyiua ; after 
giving th(^ (unptu'or an account of a fir<^ in Nu’omedia, a town in his pro- 
viuc(% he coutiumjs, You will consithu*, sir, wlnaher it may not Im ad- 
visahh^ to form a company of fuaunen, consisting only of one hundred and 
fifty mmubtU'S. I will laktJ <’are none but those of that imsmess shall las 
admitted into It ; and that thh privihsges granted them slmli net las <^x- 
tendtsd to any other piirj[>o.se. As this curporatts hotly will las ns.Htricte.d 
to so small a numlasr oi meiulaTs, it will las i^aHy to kts(*p theun undt^r 
proper regulations.*’ In answer tins tunptu’or .sent tbts ftdlowing Ictnu* : 
** Teajan to Pi.inv.- — You arcs of o|>inion it would las protasr to establish 
a company of ftnsmtsn in Nic.oimaiia, agrcasibly to wdiat lias lastui prac- 
ticed in stsvcsral other cititss. Hut it is to la* r(*nH‘inlasred tliat Hoci(*lit‘H of fhia 
sort havts gnsatly disturbt*d tins ptsace of tin* proviuc,e in general, and of 
those cities in particular. Whutevtu* names w<s give them, and for what** 
€5V(5r purpose tlnsy may las instiruttal, tlnsy will not fall to form tlnsmselves 
into factious asmsmblit^s, hoW(*vt*r short th(*ir m(*(*iings may be. It will 
tlusrcsforts be saftsr to provide such macliint*s as arts of services in t*xtin- 
guishlng firtss, tsnjolning tins owin^rs tif houHtss to assist in preventing tins 
misclutsf from spn*ading, and, if it should be nt*c,t*«sary, to call in the aid 
of tins populace.” Plitiy’a Letters, li x. lOp. 42 imd 43. Mclmoth’s 
Tmrtilation. 

The dinsetion to procure* ** machines as ares of sesrvices in extinguwhing 
fires” was in cousescpiences of Nieomesdia lasing ehsHtitutes of llnun — ^an me 
fortunate circumstance for the inhabitantH, but ones that is hardly now ro- 
gretusd by tho.ne who are in sesareh of informatiem r(*«p«sctlng firtsusnginefl 
among the anciesntH ; since it hsd Pliny to nnmtlem tlumi, and thtsreby af- 
ford U8 a proof oftln*!!* esmploymctit by tins Itomans. ” While I wiii mak- 
ing a progresss [Ins writess to 'frajan] in a elilFisreuit part of tins province, a 
most destructive fin* broke out in Nicome'dia, which not emly consuraed 
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several private houses, but also two public buildings, the town bouse* a 
the temple of Isis, though they stood on contrary sides of the street. T 
occasion of its spreading thus wide was partly owing to the violence 
the wind, and partly to the indolence of the people, who, it appears, sto 
fixed and idle spectators of this terrible calamity. The truth is, the c 
was not furnished with either engines, buckets, or any single instrum( 
proper to extinguish fires ; which I have now however given directic 
to be provided.” It has been generally imagined [observes Melmo 
that the ancients had not the art of raising water by engines, but this p 
sage seems to favor the contrary opinion. The word in the origi; 
[for engine[ is sijplio, which Hesychius explains instrumentum ad jacult 
dus aquas adversus incendia — an instrument to throw up water agai 
fires. But there is a passage in Seneca which seems to put the mat 
beyond conjecture, though none of the critics upon this place have tai 
notice of it. Solemus (says he) duabus manibus inter se junctus aqui 
concipere et compressa utrinque palma in modum siphonis exprimere. 
N. ii, 16, where we plainly see the use of this sipho was to throw 
water. In the French translation of De Sacy, (Paris 1809,) the word 
rendered pumps : — ‘‘ D’ailleurs, il n’y a dans la ville, ni pompes ni sea 
publics, enfin nul autre des instrumens necessaires pour eteindre les e 
brasemens.” And Professor Beckman quotes both Hesychius and Isid( 
to prove that “ a fire-engine, properly, so called, was understood in the ^ 
and in the 7th centuries by the term sipho, and we may add that Ag 
cola in the 16th century designated syringes for extinguishing fires by 1 
same term. Heron’s engine is also named a siphon. See note p. 307. 

From an expression in the letter of Pliny just quoted, we learn tl 
men were regularly brought up to the art of extinguishing fires, the sai 
as to any other profession : Of the company that he proposed to est? 
lish, he remarks, ‘‘ I will take care that none but those of that husin 
shall be admitted into it.” The buildings in ancient Pome were ve 
high, the upper stories were mostly of wood, and the streets and lai 
were extremely narrow, hence the suppression of conflagrations tin 
must have been an arduous business, and one that required extraordinc 
intrepidity and skill ; qualifications that could only be obtained by ex] 
rience. Besides engines for throwing water, the firemen used sponges 
mops fixed to the end of long poles, and they had grapples and otl 
instruments by means of which they could go from one wall to anoth 
(Encyc. Antiq.) Of the great elevation of the houses several Rom 
writers , speak. Seneca attributed the difficulty of extinguishing fires 
this cause. Juvenal mentions 

Roofs that make one giddy to look down. Bat, vi. 

When the city was rebuilt after the great conflagration, (supposed 
have been induced by Nero,) the height of the houses was fixed at ab( 
seventy feet. These were raised to a certain height without wood, bei 
arched with stone, and party walls were not allowed. That fires w« 
constantly occurring in old Rome is well known. Juvenal repeatec 
mentions the fact : Thus in his third satire : — 

Rome, where one hears the everlasting sound 
Of beams and rafters thundering to the ground, 

Amid alarms by day and fears by night. 

And again : 

But lo ! the flames bring yonder mansion down I 
The dire disaster echoes through the town ; 
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Their frequency induced Augustus to iuHtitute a body of watr-lunen to 
guard against them, and, from the following lim‘s of Juvtuml, it appears 
that wealthy patricians had servants to watcli tlusir houses during liu^ night: 

With Imckots ranged the ready servants Htniul, 

Alert ut midnight by their lords* eonutumd. Sat. xiv. 

As every calamity that befalls inankiiul is eonverfed by souu* mm to 
ihcir own advantage!, so tlie! numerous Itres in Rcune b'd to tlit‘ dete .tabh* 
practice of sp(n;ulaUng on lln^ distresses they oc'easioned. dduis (’nis ais, 
the consul, who, from his o])ulene<^ wa,s siinmnied tlio /ih7/, gleaned lii:4 
immeuse wealth, a(‘(‘.onling t«> Plutarch from war mu\ Jhmi jhr-s : he 
made it a part of his busiiusss to buy htmses tliut \v<*re on tin*, and otiiers 
that joined upon them, which In; eonnnonly got at a low price on accounl 
of the hair and distress of th<^ owners about the event.*’ But the a\ nric»* 
of (Irassus, as is tin; (sist* wltli llnmsanils of othiu* men, led to liis ruin. 
With tlie hope of eidarging his possessions, he selected the province of 
Syria for his governmeitt, <»r raiiuu' for his extortion, iHaamse it seemed to 
promise Idtn an inexlnuistlble Ht>mHnM»f wealth : Imt by u retrilattive Ib'ovl- 
deuce his army was t>verthrown by the Purthiitns, whom he aitempteil to 
auhduo, and who cut off his head, and In referenei! to his piiHshin for gold 
fused a quantity of that metal anti p<»ured it down his throat. 

Among other precautions for prt'vetutng fires from s|>read}ng thiif were 
adoptcul in lionu? on rehuilding the city, was tuie rei|uirin|t evfU'v citi/en 
to k(Hq> in his house a machine h>r extinggibddmf fue.** What the it' ma» 
chines wtu'o is not (juiftt <!<M*fuln, whether bm'kets, mops, larnka, ayringen 
or portahh* pumps, d'hat they were tin' last is .supposed l«» be priivml 
by a passages in tin' writings of Ulpian, a celebraletl lawyer imtl serretary 
to tln^ ICmpt'ror Ah^xamler Sevtums, wlMU'eiu he enumeratt'S file filings 
that Indongtal To a hou.se whim it was iiohl, such as we name flxturtm, 
and among them In' tmmtitmM siiUfONtiH rmplo^vd im rMhignishing Jires, 
Bm’.kman thinks tln^ leaden pipes which ctmvt'yiHl witter into the lionses^ 
for donu'stic purposes might he intendmi ; Imt they wmdd hardly hitve 
hci'U designated us above, mertdy because the water conveyed tlinatgli 
them was oeeasioually used to put out fires, dduii was not tlielr chief use, 
but an incidental one. That they were pumps or real fireomidnei was 
the (gnmon ofAh'Xiualer al» Ah*xandro, a learned lawyer of tlie Ifkh 
century; an tipinion not <mly rendered prohaide by the terms u?ied aiiii 
the necessity of such implements for tin' security of the upper sforie.^, 
which lunther public engmes nor streams from the aqueducts ctaild reacli, 
but also from the apparent fact, that syniigea or portable piiinpii hiive fit- 
ways lieen kitpt (t*> a grtmter or less extent) in i!\%*elliitga from Iloiiiitn 
timcR. Aiul a sufHc.hmt reason why they should gemn'itlly he sold with 
the; hotisi^.s, might lie ftiund in their ilimensions liinug ri'giiliifed ficcurding 
to those of tin* ImildingH for which they Wi*re tleidgned. 

The population of llome wits «o great that the iinui of flit> rify laaibl 
not funilsli sites snlKcient for the houses; iiml hence (as Vifruvimi Itiis olc" 
served, B. h, cap. H) tlm height of the wudU was increased in order ut 
multiply immlier of storhm*—* for want of room on the csiiih the laiild* 
ings wens extemdetl towards the heavens/ t*ortah|e hreomidneii wanai 
therefore particadarly n'qiusite, in order promptly to extiuipilnh fires on 
their first appearance, whether in the upper or lower llfiors. In tlie liitritr 
case, when tliis wui« not done, tint pi'ople in llii* lii^her Mtories wmilil he 
cut off from relhd* and the inmma of ttscit|H% Werti riotrn* of oiir nik ami 
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probability is tbat many lives wonld be lost, notwithstanding the gre? 
number of dur public engines, and hose and ladder companies. Juven? 
intimates the distressed situation of those dwelling above under sue 
circumstances. 

Hark I where Ucalegon for water cries 

Casts out his chattels, from the peril flies, 

Dense smoke is bursting from thejl2oor hdow. Sat. iii. 

However perfect or imperfect hydraulic and hydro-pneumatic engim 
in ancient Alexandria and Rome may have been, it is certain that thes 
machines and the arts related to them experienced the withering inflt 
ence of that moral and mental desolation which raged throughout Europ 
during the dark ages. The decline of learning was necessarily accon 
panied with a corresponding decay in all the useful and ornamental arts 
some of these have disappeared altogether, and have never been recove 
ed, so that the attainments of the ancients in them have perished. But tl 
connection between literature and the arts was as apparent in their rest( 
ration as in their declension — ^ifthey departed together they also returne 
in company. The revival of learning not only led to the introduction c 
printing and the invention of the press, but it furnished, in the multiplic; 
tion of ancient manuscripts, then extant, immediate employment for botl 
and although it may be supposed that there can be little or no relation b( 
tween Greek or Latin manuscripts and modern fire-engines, yet thei 
really is an intimate one, for it is all but certain that tlie first idea of thes 
machines as now made, was derived from Heron’s Spiritalia ; just as tt 
application of double and treble forcing pumps in modern water- work 
was from Vitruvius’ treatise on architecture. The printing press, ther< 
fore, not only opened the literary treasures of the ancients to the wor] 
at large, which had previously been confined to a few, but at the san 
time it made us acquainted with some of their machinery and their art 
that had long been forgotten or lost sight of. 

• Fire-engines were nearly or altogether forgotten in the middle ages 
portable syringes seem to have been the only contrivances, except bucket 
for throwing water on fires, and from their ineflUciency and other cause 
their employment was very limited. The general ignorance which the 
pervaded Europe not only prevented the establishment of manufactori( 
of better instruments; but the superstitions of the times actually discourage 
their use. There is not a more singular fact (and it is an incontrovertib! 
one) in the history of the human mind, than that the religious doctrint 
and opinions of a large portion of mankind should have in every a^ 
produced the most deplorable results with regard to conflagrations. T1 
Parsees, Ghebres, &;c. of Asia, and other religious sects, which have sul 
sisted from the remotest ages, never willingly throw water upon fires- 
they consider it criminal to quench it, no matter how disastrous the resu 
may be : they had rather perish in it than thus extinguish the emblem of tl 
Deity they worship. They would sooner be persuaded to pour on o; 
to increase, than water to assuage the flame.”® Among such people fir 
engines of course were never used. Another and a larger part of tl 
human race though they entertain no such reverence for fire, are t 
far influenced by the pernicious doctrine of Fatalism, as to make little ( 
no efforts to suppress it. They look upon fires as the act of God ! dete 
mined by him ! and therefore conclude it useless to contend with him, : 
attempting to extinguish those which He has kindled 1 Hence the pr 
verbial indifference of Mahommedans in the midst of conflagrations. Wh; 
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Tcfreen hiw mud t»f Surat in pariirulur. iippluMUt^ riiv i4' A^ia 

aiul uf tlu‘ EmL ** Many Iuh' h.ur hyru tir^.iroyi 

whirii, iir-r.urcluig Ui tlu^ MaluuiUiUHiau dyi'trui*' tiu-t,. n 

vain U) \vith?*tauil.** fln^ l»y tar flu* ‘siim.*. ih-'ii 41 * A --a?.* \lt\ 

Davi.H runiark.-*, ** I'ht* liHinm **t i.tfiilriin ^^lu* h |u**'^ 4 u . tin* 

pcopU*, fnakt‘H thnu c-arrh-^^s rt^-aril^ hi'r ; .md fi:»- 

occurrriu'u i»t‘ has n.t rth-vf u|»mii t!uun, tii*' !r .Uui r.-sj. 

fia‘*’ration of 1 ^ 2 ‘i. wmf tar tn 4variiy flu* /' j 

3'h<* nusr rabi« * i i** iu*4r*us w hu'h ♦’»*«■ |i''ii;i in' i-i at n< ’'iiu* '» i u;, Is u ! ^ 'pr & i ui ii jp 

tin* luidtllv ata**. \v«*rr quift* as prrpi fiirroas, niul n^H-uh m par 

aiizin*/ flu* «*n«*ri;i**s |H-upif. If js liufii'ulf f»» fla-iu 

ftH'lin*;' <‘m«uinii.H id" WMii.h-r as avi-U aa Isrt! « ■ t.f 

(Uir rarr wlnui ut' ku»*\v h*»l»p* ; auA i*l pr.tfifu»b% thaf m t^iir flir 

sharkirs of iipioraiii-o .ui»l *oep»“r'ajfL -n r^quAiv no.lir^r If 

a, (’tuunion holirf fhaf firos ptn»l ^aruais mIImU' <':slafiu*ir i Iiiilru iai hj 

wirkoii .spirits, ami lhaf llu* la*sf iuo*io f»l jaaoMm?;.; fh«- r-^iu-s %% .n U% tint ■ 
in|,( tlio atifh*»rs of thoiii away! 'rho-.o rnfar.. ao.*- s.| loi.-a kirt*, 

arooishfig fo tin** rloifloiiMlutpslH of fho Soorf?, 8->Mr5n5*"4 “! nMU*- "s -a-i * Isroa*?’), 
luui flu* i{tla«r ,'4 of oarli wrr»' rMnlbirA f‘» roff.oo *-irr?ir! 0 -; ft » -n lLv.i;io' 

\vh<» r«>iuiual in tllO mr flial ws-rr tho prr-afr-;! rj:,4;-a5ak‘ -5 *'• U-'rhiU 
f 4 pirlfs, or liivolls, ar»' siioli a-^ lo-rp Moarif-r Uh*-J. p.uf o. ih*- : 4 or Ai.i'v! 
oaUMo many launpi*--if-i, thnn4«*r sUi»l u-j.ir j:? ,■ tfrr,,d*ri, 

/iniiSi's,** A'*'. |Soo Uurf*ai’'j A i -'Usy • <! M»4a‘-» '.•■'•.la j W Lm ■■>, li.-a’U", 

thon.*iorr, was *«!l tsr»*, flu- pi O'-Os, o.-iO- > ! lOoiobaMlp bj, ll.r;; «•»;!.»! 
plo thr hvsf aiaif r'i fu a. •• i s;.. ^ >1 i i.iw %t.a!ri,%\v i.n.l |r- 

omirsr fn llu* i:naip*s aiitl pri-fr-JrA i -W'lnvli tliry ks*nipl4 

out offlio ohnrrhr:!, ns or4«-r ft>ria uifl'O’ii* r- in fin^pjorip tlio pisf 

p;rr".'i nt’fho- llainr-i, an*l r\p»''kr;;va ih** aollinafj »»f 'fk*'! pall, 

«»r sarrril ooirriup *4' fho ■ahar, W a-s al’i..* I? *-quonlly ratrtoA ill pr#U r^atotl, 
to (’tmfrihuro fho **% .4 fh** h*-n4®. Hut %%’hr.i$ a r loirrli 

took lirr, issoli as tlo* i^U 4 »-’ao«'o »»! sIp^ suaoaj llio propli^ flirlj krarlil'V 
h!aH|ihr}noil flu* saiuf to if w a.s »i*nlu aio-iik lor not |n'r% rnsirap l||si 

misohu'f; iHuryo. a\lifu|J liko SyU-.% iho iinai^'*'' of .A|'*oIk«. w iir'ii 

ho W‘»s..»i i|o|iuitr4 in haHir, 

fHlp'r **tirpuni ioit popiilar ?5nh.’5iifnt*‘'i t,*r ‘^\--4h’r an»l 'rnitis:** s, 
i’hiiroli IUUm: ihioio wna* i"oji"5f*r i afrA w ith impMunf' rrr*'tiiinao 1. Alo'V ws'S i:'? 
WasIlOil inslilo an4 » oal W’iffi h*d% - pol watll ronsn^ au.ai,fr'4 

with narrrA oil--'ai4fn»*4 aiiA ssr’pu'A W iifi ffpi ntosi, ihal «lrvik i s fiio 
fiina!| *’ lurarinit ftns hull ntav fromblr ..inA ftaaii llto n( lliw 

rroMs AosiipioA lipMfi it.** «}!sakmf.f AnoMii's witli hMrr*ir iniif Auiinp 

tlioiii fmm lljr viriuily* tip-®*'* iiNs*ll« IsaA lip* W^'‘nA*-ifHl |u*wt’f **f alia viO|.f 
slssrms, t«'fn|.»*-!f -i, thuiulrr auA aSaA r%iuigui«hifs|* fit^ss ; tiipl 

fioiiu* oi tlu'iii iaaA fho rar*" fpti ol tiii|.pnp on iinpoi-fanf oiTtinioiis mI' i|p*a* 
own iua'orAA M Jn a papor oii iAinnA^-j' *i,nA HnAifinip,^ jiapHi.* m 

(aiiUMip oflirr ‘ 4 lh*A,rp*)l ia*oo-is »»f Ar^-’opainsp flotoAor f'lonA-^'l iiif»< fh-r-; ^,,'4 

laiprfHfif 50.t| Sif “ <-»l IhAls A* aiiA |pT ^ i!r>i %po»afllr-n-j tif p^ o.,*-.:-:, 

itiii oflhi’rA up, Mil ifpnr ♦'oiiaooraf ion, {i^n'orAiSOs,' fo lh»< Hain Hj-i xl, ” f I 
otfU'iial I*mA * praiif lliaf. fho isounA ♦A'' this IlfAl may put fo f|.;,o,f *?»• i. <* 
gtmknH Ilf flu- oijriiiy of iiian, iho llmnAor holt, flu* tapul laJi r ^ 4i 

W-i*|| ipi all Aos-ritorfi jiiuI frinponfa.** Ifi fho *""<0411011 Ip-^.o-iiA"* o! \\ < ! *ui 

ill! Wti?ih% flii* olA Kn^ll'Ai jirinfrr, if i# itaiA ** rho otd '. *»■■>; *»iO hrri 
in till! fiqpilii of ill* ayr«n 4*'nihio moilp'! %vlp'n thri hor*- ilo* Ilolb"* 

** Hw a |»afilPlllaf lirffiiltil li»irt r«f»si»iuft .ris i.if *'s»U3r‘»u.t!mP |.«j|8 -4* 41*1 ill# 

fttttliiir pf " «li # luilfnfsy u* |V«|iir.a “ i,.^jSi |is*|, 
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li'thut th»^ lhun<!«*r in ronn 

Aiui '♦lorim*' triijp*v4tr'» fi|uilit% 
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I'larki^ tltilh all t!ii» iHillfii Ibrllnviih 
An III n|ri’|4i? rmg : 

Wuh uttiiilutus iiinl fiirrij 

In* Vk:i-i Wi»lJj Inddr*', 

*'1*111 ill ib»’» htntvriH liarkis, 

'riii’ ihurub-r hfiiy iif» iiHirn, 

in ilirsn* rliri^iiMul ihi^y thinks 

lip iuul iiiiKlu 

Aa rtbln |» tlin Krnilt, 

And in Vimi|Wi*th 


'll'** m| lirlla t»t ili*» of la alao mf'’‘ntioi 

rr'’'.rj M-.i’ij, r, ui iiivi < *MiiiinMn I'birr:*/' it work doilifatoil to (.^ir 


lU'.ii'k IrUrr, loHU. S|uMkii5**, of roos(*rrutiHl by 


oo > nil xhv aiirii-uf l4r4f!i«‘a, Itr j-saya of /^r//»f— ** tlioy 

br aiuioiiiiotk tb«*y 1*0 roiijurt*ii, fhi*y iiri* aiu! liaiu' 

%% iiii i.ir iitiil fiiolutioii, than I'uoii itro wlioii tlioy an*. 1' 

lrifr«l, aiini is% aft ribaSoil ta fhoiii tlum to tlio |>riivc*ra of g’odly n 

For tloii by flit? tif thtii«'««4ho wifktal apirita, thr* Iioj- 

iIms* l4yu}|,? HW4ir of oyotiuoa, foiu|H*atf*H» hiiy!o» atorinoK, wl 
\% 4r-i!roi iikrilrH *Uii| louiltill flonHloirliipaj liro tlrivinutwiij, fla 

riitioi oo- *>*'/! luni tlually whraavt*r i*lHo acawor !” Par 

I ■-.r-r OS r. ‘ ill of f, »■!!.••» ni tlii-4 rity (Kow-York) thinrig’ fi 
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m flio dovoinuif** olroifii!» on* otiior tntaina 1 
i^tu-u hoi lOiill. In*\v Imvo* howovor, boon < 
>‘or !,i tuK bunilrnl Sp.oa-.h Ih'Uh havi* roo(* 
hrrji i.*kf*ii froio ilir coinoht;*"; in I’onMoipHnir 
loiio rsn;‘;i’ki in Unil <‘oiii},iry ,) //o'.v vinno of nu 


I»r4la ht^ !**.-o.o4. < *i- rf iOnlv , if tbry oan tit» a moioty of tin* 1 

ibr V U'*-ro Worth iiim-b tnoro tiiuu forty Ci*fit.H 
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■\v, 
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fi.% 4^*0 |«ri«'o ot who'll filoy wt*ro aolil, 

h-oKo looi in a fow uostaisooi to hri’alifryt <3r railtt'r to 

osj^Iihnarri of .inrimt fuiulion, for information roapoc 
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no 40*1 iwr» tiro bnokofH,* Tbia, iilthoiig 
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41-1 of apparuttw for oxtingiimbin|* 
oti! rrprourtding tbo init*ritir of a laborator 
Mo |h~ Moi.iilirii i*f Agrirobn page 30B. 
a b.iiimmr, fwo* fin* hooki ami f 


inp4*3.4«'S3l -’'S 1% i*, J'ilJ/' , 

< '.u. k.-i.s ; „ri..ni;.nl i.jj.tiimt. ii wull. H.tf. tho tinm 

i jT.s 1!: n. li^ruic i ■..•'.•sil l.< ti tvc !h». lUltiw of Hook 
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times before observing them. 


The syrmgo was 





No. H2. AppiifutUH from Agrirok. 


i^mhrm, f'iijtiM iiin-trif m 

imrntiik. In 

Wt 1 hl*ltt »ll| t*H filsll W ,|. i 
pri'^sf^rviHl iltn.niitli _ilir 
riutlilU'' ag«*‘^ mirifiil 

i tint 

angifHM'if I I'tn^rrii f»* 

hiivis limn 

IntltHai llti^ i 4 yrtni|»^ lisnif 
was uni. giuinritlly 
Etirotn^ till tbr irwa,« 
unt ttll ihn rltnin fit til«f 
iMi ninjtury thiit 
f 4 <|uirtM,** an tiit*¥ wnm 
uanu*»l» vvt*ri' 
iu!c» I^tnul‘ai. Pr«'%'pari lit 
tliat tiiur \vafrliiy«’ii, l»iir k 
IhimK'i JunI **ii 

Iv Wf-rn lu U'.r, 

away with axes a,ntl tlirowiiu^; watnr Inaa lairkrt » arn inmfainr.i Im. < ;i i ^ 
Fosbrokc!) by Ibarnnlus anil (Irrvasn uf i buifi*rl.nry . *1 . m| 

houses or ohinuH^ys that took lire wm^ tiinni; an*! lurii wnrn 4 |*|»Miii!ril h* 
watch for lints and give the alarm. In 1 -I 7 .e a mght J^eihiiaii rui- 
phiycd ill Exeter to alarm thti inhabitants in nise fit tiri% 11114 w 
leathern buckets, la 4 cim*s and crooks, Wf»ro orfb'ft'd to be |irovii|int l*»f 
the same city ; no application fif llm ptuiip utteuis If* have ilioti 

tiiought of. , ^ ^ 

Syringes continued to be umal in Ltmdoii till fin* laitm’ part ef tlie I itii 
century,* when they were supersedml by more pm’f»'«*f initrh}ni*’i An^ar- 
count of them and the mode of working ihmn would niaky a jnodi^rn lit« 
man smile. They were usually madfi of liriois and lodd fnioi S'o Imir 
quarts. Thcs smaller ones were iib<mt two feet and n half b*ni% and an 
inch and a half in diarnetfir ; thff l»or<! of this briio^ bail nn mrh. 

Three men were rmpiirtal to work each, whleli they a.<*bii’V«»d 10 iln-t iiniir’ 
ner : two, one on each sifle, graspiul tlm eylimlor wirli one loind wit! llie 
nozzle with the otlu^r j whilf! the third one workml rhi* |n?iOin f 
who held tlie instrunumt pluiigetl the nozzle inti* a of waf«r, itio 

operator then drciw hack tin? piston and rfitm <diitrg«a.! ilio i‘ylni 4 r'r, *i*id 
when it was ralsiul by tlu^ laairers ami in tho r*'i|utr!^d ptitdfiini, b#^ pa-ilo'd 
in the piston and fonunl, or ratli(*r endoiivonrefl to foreo, tb«^ mu 

the fire. We are told tlnit some of thesi’ iiyringe*i ttr<< prrHor%-«*d 04 
or two of the parish churc’.hes. It can exeiie no surpri-jr^ ib o I 
should have bc*en almost wholly destniyf'd in thi’* great lir*^ of’ ft *01*, e. !.i«o« 
such wore the maehimm upon which thi^ inbabirants rbirtly d»'pri;uird i’.»f 
protecting theur proptu*ty and (.Iwfdlings, If the dinnnufivr ^4 ibrnr? 
instruments be considered, tin* number of letmis requor^i Im wi.ik rrtr-|i, 
beside others to carry water and vessels fnr them, the tinre ii!?\ usjd 
impossibiUty of api'iroachlng suiruntmtly near mi an im rr e n fir ikipr^ 
with the jet, the loss of part of the* stnaim nt ilie bre'siiuin.* -url * sj i *»f 
each stroke of the piston, ami tin* *tiflini|p^’jri mt 

of using them, appt»ari rather as a fire 1 % UHw oFXrr 
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316 Turkish Fire-Engines. [Book II] 

boys at play, dian the well directed energies of men to subdue the ragm 

element. . 

In' Asia syringes have probably been always in limited use. They ai 
the only instruments of the pump kind now known there, if China be e> 
cepted. Very effective engines on the European plan are made by th 
Chinese. (Chinese Repos, vol. iv.) 

The fire-engine of the Turks is an improvement on the syringe,, bi 
not much moil effective. The author of “ Sketches of Turkey’" observe 
when speaking of fires in Constantinople, “ Indeed, when we afterward 
saw the machines used by the Turks to extinguish fires, we were not sui 
prised at the feeble resistance which they could oppose to the progress c 
the devouring element. The engines, in fact, are not larger than thos 
employed with us to water gardens : they have but a single chambei 
which is about eight inches long by three or four in diameter ; they ar 
readily carried about by hand.” Commodore Porter, in his interestin, 
account of '' Constantinople and its Environs,” says their fire-engines ‘'ar 
like those we use in our gardens, for watering the beds and walks, and de 
liver about as much water as a good large syringe. When an alarm of fir 
is given, a man seizes on one of these and runs to the spot indicated, wit 
the engine on his shoulder, another brings a skin of water, pours it hit 
the reservoir and they pump away.” A characteristic anecdote is thu 
facetiously related by Commodore Porter. “ They had heard of the fire 
engines and fire companies of the United States — how half a shingle coul 
be burnt, and the engines save the other half from the flames. They epul 
not understand it. Mr. Eckford fortunately arrived with his beautift 
ship, having one of our engines on board, requiring some twenty men t 
work it. The Capudan Pacha heard of it — ‘ Mash Allah I let us see it 
exclaimed the old man. The engine was brought on shore and placed i: 
the Navy Yard ; a short suction was fixed to it and put into the Bospho 
rus; men were set to work it — the Navy Yard was soon inundated, an< 
the Bosphorus began to run dry 1 ‘ Mash Allah !’ said he, ‘ very goo< 

— ^but it will require a sea to supply it with water. It won’t do for us 
for there is no sea in the middle of the city.’ They therefore have though 
best to stick to their squirts, and to let the fire spread until the win( 
changes, or it is tired of burning.” 

Sandys, in the beginning of the 17th century, visited Constantinople 
and speaks of the frequency of fires in that city : he observes, “ It is nott 
be marvelled at, for the citizens dare not quench the fire that burneth thei 
own houses, because officers are appointed for that purpose.” He is si 
lent respecting the instruments then used. 

When the useful arts began to excite attention, the defects of portabl 
syringes were too apparent to be neglected, hence in the early part of thi 
16th century several attempts were made to remedy them, by those no 
ble spirits who burst through the prejudice that had so long consignee 
the subjects of practical mechanics to the mere makers of machines, as oni 
unworthy of a philosopher’s pursuit; and from the cultivation of whicl 
no distinction, save such as was allied to that of a skilful artisan, couk 
be derived — a species of fame from which professors of philosophy shrunk 
like Plato, with feelings of horror. To render the syringe an efficient fire 
engine, would seem to be impossible, except by converting it into a fore 
ing pump, and in that case it would be no longer a syringe. As long 
therefore, as such an idea did not occur to engineers, they had no resourc< 
but tO' improve the “ squirt” as well as they could ; and however hope 
less the task may now appear, it was not only attempted, but to a certaii 
extent accomplished, and with considerable ingenuity too, as will appeal 


ine permission w print iu» wuiiv. 



No. 143. Syringe Engine from Beaaon. A. D. 1568. 


p 7 ’Oposition De IJAutheur : — Artifice autant singiilier (commo je 
pense) que non point commun, pourjector Peaii coritrc un grand feu, 
‘‘ mesmernent lore que pour la grandeur dc la flamrne, nul no pout entror 
ny approcher de la maison qui brusle. Declaration dc la mesme figure : 
Cest instrument, qui est faict en forme de Cone, so sonstiont sur deux 
** Roues : ayant sa bouclie tournde vers le septentrion : (^r. aupres do sa 
** base il y a des demi cercles, qui sorvont a riiausser, au bais.ser, d'avan- 
tage vers sa dicto bouebe septentrionalo ost un Entonnoir, pour y venser 
“ Teaii dedans : et on sa base, on bliui partio rneridionalo, ost une vis, dont 
“ est pousso dedans et rcculd un ibiston auquel sont des Jilstouppes, ainsi 
“ cju'aux siringues. Le reste apport.*' 

In reading the above, it should be rememliorod that kUen (f reference 
to designate the different parts of machines were not then in general use, 
but the sides and angles of the pages were marked with various points of 
the compass ; and particular parts pointed out by tludr position with re- 
gard to these, and by the intersection of lines drawn between them. In 
this engine several defects of the hand squirts’^ are avoided ; as the ne- 
cessity of inverting the instrument to refill it by plunging the nozssle into 
the vessel of water, the small quantity contained in the former, and the 
consequently incessant repetition of the operation and interruption of the 
jet, and the difEculty of directing it on the jflames with certainty or preci- 
sion. Besson, (if ho was the inventor,) therefore, greatly enlarged the 
capacity of the cylinder, making it suflicient to contain a barrel, or more ; 
and as a matter of necessity, placed it on a carriage. To eject the water 
uniformly, he moved the piston liy a screw ; and when the cylinder %va8 
emptied, it was refilled tlirough the funnel by an attendant, as tbe piston 
was drawn back by reversing the motion of the crank. When recharged, 
the stop cock in the pipe of the funnel was closed and the Tupiid forced 
out as before. As flexible pipes of leather, the “ ball and socket^' and 
“ goose-neck’' joints had not been introduced, some mode of changing 
the direction of the jet of this enormous syringe was necessary. To (iffect 
this, it is represented as suspended on pivots, which rest in two upright 
posts : to these are secured (sec figure) two semicircular straps ot iron, 
whose centres coincide with the axis, or pivots, on which the syringe 
turns. A number of holes are made in each, and a.r(^ so arranged as to be 
opposite each other. A bolt is passed throngdi two of tlujse, and also 
through a similar hole, in a piece of metal, that is firmly secured to the 
upper part of the open end of the cylinder ; and thus holds tlie latter in 
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anv Dosirion required. The iron frame to which the box or femah 
^ j -fijci- tr> i-Ti« cvlmder ; and it is tlxroi 


Zthrscrew ira«;;he^^ is made fast to the cylinder ; and tt ts thro, 
proiectinff piece on the end of this frame that the bolt is passed, 
dieie meins, any elevation could be given to the nople, and the sy 
could be secured by passing the bolt through the piece just niouln 
and through the corresponding holes in the straps. When a lateral cl 
in the jet was required, the whole machine was moved by a man a 
end of the pole, as in the figure. To the frame, jointed leer wore a, 
ed which were let down when the engine was at work. Ihe w 
represented (one only is given in our figure) reminds us of a rcniai 
Fosbroke ; ‘‘ In the middle ages during fires women used to letch, ^ 

in brazen ’pails to assist/’ Considering the age when this migim 
devised and the objects intended to be accomplished by it, it cert 
has the merit of ingenuity as well as originality. Beroald says c 
“ Ceste noble invention est si souvent requise, pour estoindre les ^ 
feux desquels on ne pent approcher; que sans faute elle xncu-itc; d’ 
plus au long, et plus ouvertement expliquee, afiii qu’elle soit niitni 
tendue.” It will be obvious to every practical mechanic that engii; 
this kind, of large dimensions, must have been at best but poor alfairh 
make the piston work sufficiently accurate and tight, and to kocj> 
must have been a work of no small difficulty. 

A correspondent, in a late number of the Lon. Mechanics’ Magii 
vol. XXX, has communicated a very imperfect figure of this cngiiKi U 
.work, extracted from an English book, published in 1590, ontitlod 
Treatise named Lucarsoi.ace, divided into four books, wliieh in 


are collected out of diverse authors, diverse languages, and in 
devised by Cyprian Lucar, Gentleman.” London : 1590. It is 
obvious that Lucar copied the engine in question from Besson’s “v 
which was published in 1579, but was authorized to be prinUid in 1 
and which Besson’s death then prevented. The following extract 
Lucar’s book is not without interest. ^‘And here at the end of this clu 


I will set before your eyes a type of a ‘ squirt’ which hath bc^cn: 
vised to cast much water upon a burning house, wishing a Iik(‘ K(|uir 
plenty of water to be alwaies in a readinessc where finnnuy do ha rim 
this kind of squirt may be made to holde an hoggesluMi of wat c'r, or il 
will, a greater quantity thereof, and may be so pluc(‘d on his Irarnc, 
with ease and a smal strength, it sahl be raonnted, imhased or tuna 
any one side, right against any fired marke, and niade to stpiirl. cm 
water upon the fire that is to be quenched.” 

The Germans were proverbially in advance of the rest of Euro 
the 15th, 16th and 17th centuries, in almost every departnumt oi* tlu' 
‘‘ The excellency of these people [observes Hcylin m his Comnogm 
lieth in the mechanic part of learning, as being eminent for many m 
matical experirnents, strange water-works, medicinal cxtractioiiH, vlwni 
the art of printing, and inventions of like noble natures, to lhc‘ no 
nefit than admiration of the world.” As early as A. 1). 1518, 
of fire-engines were used in Augsburg, being mentioned in tin* bui 
accounts of that city. They were named “ instruments for firoK/ 
“ w^er syringes useful at fires.” Their particular construction is unkm 
but irom a remark in the accounts respecting wheels and poit*H, the*’ 
supposed to have been placed on carriages : they wtuaj 
sy:^ges and mounted like the one represented in the last 

The oldest ' putti/o eupmesi nf* 


: probably 

figure*. 

1 . . ' 1 


Chap. 7.] Pump JEngine Jram Decam. 31 f 

Schottus saw tried at Nuremberg in 1650. In giving an aecinifit <if it, 
Scliottus remarks that the invontioii was not thtni lunv, it btnng km»wn in 
other cities, and ho himself rornembenHl having seen a small an«i in his 
native city (Konigshofen) forty years btift^re, eonsetjuentiy nji<Ha UU7. 
We are not informed by either the profeHSt>r or jt».snit of the parfinilnr 
construction of this stmill engine, but th(u*e is a bot)k c‘xtauf that was pub- 
lished in 1615, which contains a figure and deseription cjf a (loriiian 
engine of that time, and which furnisluhs tins infornmtion tloHirtnl, d'hts 
book is the “Forcible MoveimmtH*’ of .I)(H-atis, a work whit'li, like, flat 
Theatre des Instrmueiis of Besson, eseiipe<l llui notiia^ of Ileckiitiuu'^ 



Thismachimi k named “ A rare and U(H*mmtvy Mngin, liy widrii vhu 
may give great reliefe to houses that are on fire we givedu* v hnlo of 
the explanation i “ I his engin is mue/i peavih'ftl iu ( iHal if Issifli 
been seen what great and r(‘a(ly Indp it uiiiy bring; for affbongli ifio fire 
be 40 foot high, the said engiu shall there citHf its water liv hel|i of four 
or five xmm lifting up and putting down a long handle, in foi in of a Itn-er, 
where the handle of the jnunp is fiisttual : the sm'd piimp iifi. 

clerstood: there are two suckers | valv<‘Hj within it, one bidow to open Whefi 
th(i handle is lifted up, and to shut when it is put tlowtt ; and unoflu-r fo 
opim to let out tiie water : ami at the iuid fifties said engin a mail 

which holds the copper pipe, turning it tn and again fi» the pliii'e where 
the hre shall bef’ In ethm- words, this was a Hingh^ fi>rriiig pmiifi. imrii 
as figured at No. 118, and seminal in a tub. lAu* the coiiveniern'e 


krmw»»^twmi hi,, nnmr Irll m n,r 

i r UJumuI !muk, at others S(dtmum <la Cmn. At* arrmiiii «»l'ho hunt 

tm Hcfiu ,a 8 aartV AurniotcH oftha HtcauioBuKmNh %a,!. i, p. y?. But 11.*.^ l.-ur' n! f.V 
fuuwror in the ^ thn Famlnh tmiHhuiou by liutk. u-lurh w frU i-, 

imr. H wgauithul * New im<l rnre mnnuionH ol' Wau^ravork-.. .hrutuif 
WfucH to riiwe watm* higher llam the mveniton ilu- HrioUy Un -a 

IS proponed, many hard labours nml variH.rs of m.Uum. in. fJ ,V/ 

S; and dHi.d.ifuH for all .0^; o i:/:;;" I , * 

MU eu in Irene I hyjmtk th Cam, a lute fimiotH Knrmn.T. am! m.w niir. e.a 5 
kngh.h iy John Leak.- Lotidoui prmted hy ami fur Jo.epi; ShJu. l^/i 
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transportation tlie wliole was placed on a sled, and dragged to a 
ropes. The bore of the forcing pipe seems to have been smal compi 
with that of the pump cylinder, a circumstance combined witli the 
lever and the number of men employed in working the latter, that co 
buted to increase the elevation of the jet. This machine exhibits a 
cided improvement on the primitive syringe, and constitutes a great, 
towards the modern engine. In the short angular tube to whuJi th< 
pipe is attached, we behold the germ of the more valuable goosc-ii 
Notwithstanding the superiority of pump engines over the syringe, m 
years elapsed before they were generally adopted. The .English 
serves a British writer] appear to have been unacquainted with the 
gress made by the Grerman engineers ; or to have been very aim 
availing themselves of their discoveries, for at the close of the IGfli < 
tiiry ^^kand squirts*^ vreve first introduced in London for extingui.sl 
fires; and it was not till the beginning of the next, that they lK*gar 
place them in portable and larger reservoirs — when placed in the la 
and worked by a lever, the engines thus obtained were consiclor<5d a gj 
mechanical achievement ; for when in 1633, three of them were takoj 
extinguish a large fire on London bridge, they were considered ** « 
excellent things, that nothing that was ever devised could do so in 
good, yet none of them did prosper, for they were all lirokcn/* T'ln^ 
servation that ^‘hand squirts’’ or syringes were placed in reservoJrn j 
then worked by a lever is not strictly correct : they were amull fore 
pumps that were employed. A syringe could not act at all if permanei 
fixed in a vessel,^ because it discharges the water through the same ori 
by which it receives it. Some improvements were made on firo-eiigi 
by Greatorix in 1656, as mentioned by Evelyn : what they were i.h 
known. ^ The probability is, that they related to the carriage or iled. 
his engines were the same that were advertised in ‘ 16«5B, this was 
case, for they were recommended as more traversable in less room, i 
more portable than formerly used.” Fosbroke’s Encyc. AnTi(|. 

But the fire-engine as thus improved had still many impcu'huuionM : 
water was nrojected in spurts as from a syringe ; and thcj jc‘t not o: 
ceased with the stroke of the piston, but a portion of the \vnier wm 
consequence lost by falling between the fire and engine at the (cumiimt! 
of each stroke. An obvious mode of rendering the jet coiiBiunt; wfm 
connecting two pumps to one discharging pipe, (as in tlie flLnirt‘ ofMIoron’ 
and wooing the pistons alternately either by a double lever cir two niin 
ones This was first adopted by the old German enghwern, ami f| 
another step was taken towards perfecting these useful imtrrntwim. 
stead ot a circular tub, a square box or cistern was adopted an<l tmnmt 
on four solid wLeols in place of a sled; and a strained, or fniso 
perforated with numerous small holes, was placed within the 

prev^ent gravel oi- dirt, thrown in with the water, from entering the tniir 
ouch appear to havft » t » * 


T fire-engines in Engluml wlimi t 

great fire in London occurred . 


in 1666. They are referred to in tlio 


S.p»n.b„ si,, of ,1,„ 


en‘nnes ” ' ait LrV “ big to be mtitmged *!.y «; 

licSnttt.' “^'^bing can show their general inefBciencv in ii ntroni> 

toVarraSnTr“''^-1''‘^°Pr^-^y g°^ernment, tlu* ft,llowi„g vo 
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Chap. 7.] English Engines in 1633, 

feet in length — two hrazen hand squirts to each parish — four-and- twenty 
pickax sledges — and forty shod shovels. 

2. That each of the twelve companies provide themselves. with an en- 
gine — thirty buckets — three ladders — six pickax sledgiss- — and two hand 
squirts; to be ready upon all occasions. And the inftsrior companies such 
a number of s7naU engines and buckets, as should be allotted them by the 
Lord Mayor and court of Aldermen. 

3. That the Aldermen passed the office of Shrievalty, do provide their 
several houses with four-and-twenty buckets, and one hand squirt each 
and those who have not served that office, twelve buckets and one kuTm 
squirt each. 

4. And for the eftectual supplying the engines and squirts with water, 
pumps were to be placed in all wells ; and lire plugs in the several main 
pipes belonging to the New River and Thames Water- works.” Maitland. 

The old(5st account of English fire-engiiies that wo have seen is in a 
small old (piarto in our possession, die tith^ p»gc of which is wanting. 
From two poetical addresses to the author, it appears that the initial let- 
ters of his name were I, li, and that the work was (mtitkai A Treatise 
on Art and Nature.” Two thirds of it are occupi(‘d with ** wauu*- works,” 
and the rest with “ Her- works,” except four or fivc^ voyc(\s, cals, 

cryes and sounds;” i. c. on making of whistles, &e. for sportHimm to imi- 
tate the voices of certain birds and otlnir game. The date (vf [)td)licarlon 
was about 1634: this, wtj infer from pagt* />!, wIktc*, speaking of*’* Tint 
engin near the north (uul of London bridge, jlnt ol).si*rv<*s] whi(‘h <njgln I 
circumspectly vioued as I aecidimtallv passinl by, imm(*dia,tely after tln^ 
late Her that was upon tint bridge;. Anno 1(J33.” Shops and dwelling 
houstts went built on both si(lt*s of tln^ bridge at that time. 

After (h^scrihitig sevt^rul modes of raising waUn* Ity Htu'.king, forcing and 
chain pumps, h(‘. continues : — Having sufficiently spoken concerning 
mils and engins for mounting watiw for met*r conveyance, thenct^ we may 
derive divers stiuirts and pe,tty engins to be drawn upon wheeles from 
place to place, ibr to quench Her among buildings ; tins use whertuif hath 
been found very commodious and profitable in cities and gnait ttiwinss.” 
Hence engines were at this time not uncommon in England. No Iohb 
than seven are figured by the author, and all art^ placed in (fiHf.tums or tulis 
mounted on wheels: neither air vesstds nor hose pipe.s un» <lt*HeriiKHl or 
mentioned. Five of the engines consist of singles cyliiubu's; oftln^se some 
are in a perpendicular position, others are laid horizontally, and one is 
inverted, and fed by a branch pipe covtu-tnl by a valvc\ I'he last one figured 
has two horizontal cyliuder.»j, a suggestion of the amluu’V, and the piston 
rods are shown as woi-ktul alternately by pallets or arms on a vertical 
shaft, to which a reciprocating rotary rnovmnent was irnpartml by iHwhtng 
a horizontal lever to and fro. One of the.Mt^ ohl firt^tmgines i» a species 
of hollo v/s pump, tlie construction of which we will endeavour to explain: 
Two brass vessels were connected at their open erick to a bag of hui- 
ther : they r«seml>le, both in shape and .size, two monk hats, tlm linings 
of which being pulled out and sewtsd togtulujr form a cylindrical l>ag 
between them. A circular opening, six or seven inches in dianuUtjr, was 
mad© through a horizontal piece of plank Hxenl in thc^ cistern of tlie engine, 
and over this opening otio of the vesstds, witli its crown upwards, was 
placed, and made fast by Hcnnvs through the rim : tlu^ otluu' vessel Iming 
suspended from it by the bag and hanging loostdy in the water. Within 
the lower vo‘HSei (in the centre of its bottom) a vidvuj ormnin^ uowards ad- 
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the jet pipe was secured. To work this machine, the rim of the 
vessel ^vas connected at opposite points, by two iron rods pr slingj 
cross head; to the end of a lever, by which the lower vessel was mo" 
and down — compressing the bag when raised, and stretching it 
natural length when lowered; like the lantern bellows No. 105, or t 
lows pump No. 106. To make the vessel rise and fall perpendic 
the tvsfo rods were passed through holes in the plank. Water wa 
in the cistern as high as the plank; so that when the movable vess 
raised the contents of the bag would be forced into the upper vess 
expelled through the jet pipe, and when it was again lowered, the 
would enter through its valve and fill both as before. These engi: 
observes, had sometimes two levers and were worked by two men 
lower brasse [vessel] being poysed with two sweeps.’^ 

The goose-neck was used in England at this time. It is not repre 
in the figures, which are very indifferently executed, but is suffi( 
well defined in the description of one of the engines. The author 
a hollow ball to be placed on the orifice of the forcing pipe, ha 
[jet] pipe at the top of it, and made to screw another pipe [elbow 
it, to direct ilie water to any placed 

Small or hand engines continued to be employed in London in tl 
century. This appears from a law passed in the 6th year of Queen . 
reign, by which it was enacted that each parish shall keep a lar 
gine, and an hand engine, and a leather pipe, and socket of the san 
as the plug or fire cock, [of the water mains,] that the socket may 
into the pipe to convey the water clear to the engine,” under a pen 
ten pounds. In case of a fire, the first person who arrived with a 
engine to extinguish it was entitled to thirty shillings — the second t’ 
and the third ten, provided the engines were in good order, “with a 
or hose, or leather pipe.” The following year, the owners or kee) 
“ other large engines,” (not parish engines,) were entitled to th< 
reward uj^on arriving with them and assisting in extinguishing a fir 
It is a singular proof of the general ignorance of hydraulic inac.l 
or want of enterprise in London pump makers of the 16t,h a/ud T7t 
turies, that they so long continued the use of “ squirts” and ongiiK^ 
single cylinders, when they had daily before their eyes in the T 
Water- works examples of the advantages of combining two or ni 
■one pipe. The application also of such machines as fire-engines w 
viously enough shown to them ; for when Maurice liad finished his 
in 1582, the mayor and aldermen went to witness an experiment w 
pumps at London bridge : “ and they saw him tlirow the water oven 
Magnus’s steeple, before which time [says Stow] no such thing \vm 1 
in England as this raising of water.” immediately subsequent tf) the 
date, the “ squirt” manufacturers might surely have imitated Mm 
machine, but they did not for nearly a hundred years afterwards ; t 
not until such engines had been introduced a second time from (ler 
and designed expressly to put out fires. 

Before the improvements of Newsharn and his contemporiiric»8 
18th century, some important additions would seem to have betui 
in England, since, previous to 1686 “ the engine for extinguishini 
was claimed as an English invention. This is stated in a small vohim 
lished that year in London by John Harris, and apparently editiicl li 
It is entitled “ A pleasant and compendious history of tluj first iuv 
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Chap. 8.J Large Engine made hy HauUc?h at Nuremberg, 1656. 

which is added several carious inventions, peculiarly attributed to Eng- 
land and English men.’’ We shall offer no apology fur closing thi.s <*hap- 
ter with the following abstract, although the concliuliug part only rtdera to 
our subject. Fine Spanish needles were first made in England by a 
Negro in Cheapsidc, who refused to communicate his art ; but in the 
eighth year of Queen Elizabeth’s reign, Elias Corous, a German, made 
it known to the English. About the fifth year of Queen Elizabeth, the way 
of making was found out by the English, which before w<.‘re brought 
in by strangers to the value of 60,000 pound a year. Watc-hes wert‘ the 
invention of a German, and tlic invention brought into England Anno 1580. 
Tlui famous inventers and improvers were Cornelius V^an Dreble and 
Janus Torrianellus. The first clocks were brought into England much 
about the sarru.* time. Chaines for watches are sidd to be the invention of 
Mr. Tornackee. The engine for clock wheels is an liluglish invention of 
aliout orui hundred years standing, as likewise that for tlui sptualy cutting 
down wheels for watches. Other late iiivcmtions tluu'c arc^, to whom its 
their invonters the English lay claime, as an engine for raising glass, an 
engine for spinning glass, an engine for cutting tobat'.e.o, tlui rouling press, 
the art of damasking linnen, and watering of silks, t.he way of st'paraiing 
gold from silver and brass, boulting mills, making caine chairs, the curious 
art of colounng and marbling books, making of horn ware, and the (^igtm 
to extinguish fire, and the like.” 


CnATTER VIII. 


Fmr.-EWomES continued « BngSnea by H«tttiwb*-~Nttrimb«rf"<-Fire-«ri|fine 8 nt Htrttf»l)Ourg and Yprm 
— Coupling ticrewit— Old engine with air ebai(nber---Canva« and leather hone and Dutch eng ine»<— En- 
glnee of Perier and f*©0|)0ld»«“Old Englinb enginea—Kewaham*® engine#— Modern Prench englne«>-Air 
chamberi—Tahk of the height of jot«— •Mmk# ofworkittfflro-cn|ine#«— Engine# worked hy »team. Fma 
IN AatKaiOas Eofulatioa® retpooting droit in. New Ainitordam— Proeinmationa of Governor 
Stuyvosant—Extraeti tmm old mlnutos of tho Common CouaoU— Fir#t flre-engino#— Philadolphta and 
New«York engine#— Eiveted hoto— Steam dra*®nginof now being conwtnictetl. Deviee# to oxtlngtiiiife 
fire wlUiout ongin©#— Water bomba— Protecting building# from Are— Fire ewmpe#— tjouvre fmi— curfew 
bell#— Meaauring time with candle#— Ancient law# roapecting fire# and incendiariea— The dre## in 
which Eomaa incendiarie# were burnt retained in the auto da fe. 

The fin^-engine mentioned in the previou.s cliapter, which Hchottus wit- 
neswul in operation at Nuremberg in 1656, appears to have btien equal tc^ 
any mothnm on<i in the effcKjts ascribed to it, since It forced a column of 
wat(‘r, an inch in diamettu’, to an elevation of tughty feet On© German 
author says a hundred feet It was made by John Hautsch, who, Itkt' 
mcHt of th(^ old inventor.^, endeavored to keep tho construction tif bis 
machine a secret. He refused to allow Bchottus to examine its iutortnr ; 
tliough the latUT it is said readily conceived the arrangeitumt, and from 
his account it haslamn supposed the cylinders were placml in a horizontal 
position. The cistern that contained the pumps was eight fm‘t long, two 
m breadth, and four deep ; it stood on a shul ten feeu. in hmgth and four in 
width, and the whole was drawn hy two horses, Tlie hnun-K were so ar- 
ranged tliat twenty-eight men could lie employed in working th<;m. The 
manufacture of these engines was contiruuul by (b‘orge Hautscli, the son, 
who is supposed to have made improv<*m(mt8 m them, as some writer# tf- 
crib© the invention of fire-engines to him. 
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Strasbourg Fire-JETigine. 
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Nuremberg time tie Birmingham of Europe. “Nureir 

machines. It , i r- ag-es. Its mechanics were so numerous 
brass ^rere not allowed to assemble in public “ ci 

for fear of tumults, > funerals.” No other place, observes at 
at worship wedding f/umW of curious workme^n in all metals.” 
ri:;h iem tfhave Len favorites with the genius, of invcntior 

Hautsch, see the city ; an aptitude for and an inclination to, pursue 
cTaSl r:::L£s wl;e inherited by the family From a remark o 
iricola of Ratisbon, in his curious work on Gardening, we earn 
o^Te cf them did not confine himself to devices for throwing strean 
water into the air ; for he contrived a machine by means of which 1 
tended to raise himself into the upper regions. “What can be more 
culous [exclaims the author just named] than the art oi fiymg, ss 
or swimming in the air I Yet we find there have been some who 
practiced it, particularly one Raulsch of Nuremberg, who is much sp 
of for his -flying engine. In the mean time it is well for the world 
these attempts have not succeeded; for how should we seize malofac 
They would fly over the walls of towns like Apelles Vocales, who 
tell us saved himself by flying over the walls of Nuremberg, and the 
of whose feet is there shotvn to strangers to this day.” The art o; 
ing was a standard subject with Nuremberg mechanics for centi 
and several curious results are recorded, but perhaps nothing mo; 
than the above objection to it. 



No. 145. Fire-engine belonging to Strasbourg, A* D. nil®. 


For nearly a hundred years after tlie date of Hautsclds eiigina 
used throughout Europe, with the exception penhaps of a few cfifi 
G-ermany, were very similar to those descrilxHl by ,Beli(lor, iw tnnp 
in France in his time. They consisted simply of two pumps places 
chest or cistern that was moved on wheels or sleds, and Homtuirnes e? 
by men like the old sedan chair. These engines diflerm! from eimh 
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Chap. 8.] Fire-Engine cU Ypree- 

The front part of the cistern in which the pumps arc fixed, is separated 
by a perforated board from the hinder part, into wliich the water was 
poured from buckets. The cylinders were four inches in diameter, and 
the pistons had a stroke of ten inches. Each pump was worked by a sepa- 
rate lever, A A; an injudicious plan, since a very few hands could be 
employed on each ; and as the engine had no air vessel it was iu‘et‘ssarv, 
in order to keep up the jet, that the piston should bc^ raised and ilepresstal 
alternately — a condition not easily porfonned by individuals unustui to tlm 
operation, and acting under the excitement of a Bprtnuling (‘.ouflagrsition. 
The contrivance for changing the direction of the jet was vt*ry dtdinuive, 
and considering the date of this engine it is surprising that smdi a one was 
then in use. A short kaitlHunj pipe would have been miu*h biiU'r. It 
will be perceivial that the jc;t pipe is (’onnecUed to the jierptuullmilar or 
fixml one by a tfingle edliow, instead of a double one, hkt^ <n-diniiry 
goose-iuH'.k, The joints were also made diflerimtly. Idui short cdbow 
piece had a collar or ring round each mid, and tlu^ ji^t tind perpendicular 
pipes, where they were united to thti ellxuv, tlu^ same. Tltt* fact^s of 
tlu^se collars were mtule smooth, so as to (it (dose to tind at the nuniv. time 
turn on each other : loose flanches on the pipes were bolt(‘d to others on 
the elbow, and tlms drew the collars togtUlu'r so ns to prc‘vent \vut<‘r 
from leaking through. Now it will he s<um that altliougli tlu^ joint wlfudi 
unites the elbow to the ])erp(‘ndicular pipe would allow the jet pip(' to bt» 
turned In a lateral or horizontal dircjctiou, th(‘r<^ appears Jio provision to 
raistror to lower it, and no apparent ust^ at all Ibr th<‘ other joint. U'e 
were at first at a loss to divin<< how the str<*am <’ouUl b(^ dinM-ttal up and 
down as occasions might nsjuirt*, for Beliilor has not t'xplaineil it ; but on 
examining mori^ clos<dy tb<^ flgun^ in his work, wt! found that the j<»t pipe 
itfi(df was not straight, but bent near its juuethm with the tdbow : this dw- 
solved tlu^ mystm-y, for it was then olwious that by twisting tills pipe 
round in its joint, its smaller orifice couhl be inclined up or down at plea- 
sure. This very imperfect device is also shown in ihc^ next figure, the 
,pt pipe being curvea through its whole length, instead of a single Imnd as 
in tiia last one. 
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over the cylinders. The axle of the beam is continued through botl 
and to its squared ends two iron rods are fitte 


of the wooden case, and to its squared ends two iron rous 
crank handles on the axles of grindstones. To the lower ends of 
rods are attached, by bolts, two honzontal bars of wood, on the out; 
which a number of long pins are inserted, as shown in the cut. 
the enoine was in use men laid hold on these pins, one man to cac 
pushed and pulled the bars to and fro, somewhat as in the act ot rc 
Md thus imparted the requisite movement to the pistons: a mode ot 
inc. fire-engines that might, we think, be adopted with advantage 
dern ones ; for the vigorous working of these is so exhausting, th 
strono-est man can hardly endure it over a minute at a time. The jf 
of this engine is connected to the other by coupling screws or “ 
joints,” the most useful and ingenious device for joining tubes that cv 
invented; and one wliicli, from its extensive application in practic 
draulics, in gas and steam works, and also in philosophical apparati 
become indispensable. We notice it here on account of its having 
erroneously attributed to a modern engineer ; whereas it was m 
when introduced into Ypres fire-engines above a hundred yc‘ars ag< 
Two of the greatest improvements ever made in those ^laohi^^*^ 
introduced about the same time, viz : the air chamber and floxlbhi 
of leather and canvas ; upon these principally the efficiency of n 
engines depends. By the former the stream ejected from a singl(‘ pi 
rendered continuous ; and by the latter, it is no longer nectissury t 
the engine itself into, or close to, a building on fire ; where in mos; 
it is impossible, from the heat of the flames and from smoke, to us(^ 
effect. The modern author, or rather introducer, of the beautiful 
for rendering tbe broken or interrupted jets of old enghxes unif'onn, 
known. In accordance with the customs of the age, he probably I 
secret as long as he could- We suspect that Hautsclds engine wi 
nished with an air chamber, and that it was on that account chi<dly t 
was so anxious to prevent its construction from becoming known, 
man states that Hautsch used a flexible pipe to enable him rt'adily to < 
the direction of the jet, “but not an air chamber, wblcJi SchoUtm ce 
would have described.’^ How Sebottus could have done this, \vh 


cording to Prof. B. himself, Hautsch refused to let him tlu^ intt' 
the engine, it is difficult to imagine ; and unless he liad b(;eu acqr 
with the properties of an air vessel, had the engine evtm hium throw] 
to his inspection, he could hardly have compreliendtul its action, 
explained to him by the manufacturer; at any rate, tin* if it 

Hautsch's possession, was not long after divulged ; for in 1075 an ; 
mous writer in the Journal des Spatmns figured and (h^Herilan! an < 
with this appendages The account was the sarrui year tran.slate<i an 
lished in volume xi of the Pliilosophical Transacitious, p. 071). / 

is the earliest notice of the application of an air vessel to pum|>ii in n 
times that we have met with, it is entitled to a pla<m here. 

“ This engine [No. 147] is a chest of copper, pierced mdrh tnmi} 
above, and holds within it the body of a pumj) whose sucker k rnm 
abased by two levers. Those levers having each of them two aritw, an 
arm being fitted to be laid hold on by both liands of a man. Riicli 
is pierced in the middle by a mortaise, in which an iron nail [holt] 
passes through the handle [rod] of the sucker, turns whim the nnv 
raised or lowered. Near the hodv nf tho ........ 


ma Air Vessel, A, D, 1675. 
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thereof. The water Is drawn in to the hody of the pump at the hoh', 
at the time when the sucker is raised ; and wlum the sanu' is liu. down, 
the valve of the same hole shuts, and forces die water to pass through the 
hole into the tube (t of which the valve being lifted up, tlu^ watru' (uitm-s 
into the pot, and filling the bottom it enters througli tht^ hole into tli(.‘ tube 
K N L in such a manner, that when the water is higher than tin* |orlii<a‘ 
of the] tube K, and the hole of the tube G is shut by tlu^ valvts tln^ air in- 
closed in the pot hath no issue, and it comes to pass, that wlnui you ('ou- 
tinuc to make the water enter into the pot by the tube (I, wliiidi is murh 
thicker [larger] than the aperture of the end L, at whudi it must issm% it 
must needs be, that the surplus of the water that tuitm's into the pot, aiul 
exceeds that which at the stuiu'. times issues througli tlui small mul of tlie 
jet, co?npr(\sses the air to find phwui in tiu^ pot; which makers tluit, whilst 
the sucker is raiscul again to make umv water to enter into tht^ body of the 
pump, the air wliich lias he.mi compressed in the pot drive's tlui surplus of 
the water liy the force of its spring, meantime that a iieAV compri'sshm of 
the sucker, makes new water to enter and ca.ust‘s also a new com|)re«Hion 
of the air. And thus the course of the water, which issues by thc^ jeU, is 
always entertained in the sanies staten’* Th<^ box or chest had two pro- 
jecting pierces on each side, through whic.h two staves wma* passed for the 
conveuieucc of carrying it. This small engine appears to have Ixaui in 
every respiect an eflective one; tlu* whole of the parts, both of tin* pump 
and apparatus for working it, were wtdl adapted to produce, the h(*st ef- 
fect. ’’riie goose-neck seimis to havi? ht!mi formtul of a spiuneH of ball 
and BockxU. joint. 



()n<‘ might supposi' tliat whmi this account of the coimtruction and t^f- 
fe.ctH of air chambers was publislie.d Ui the world, ami in the staudarc! 
journals of If ranee and England, that they woultl speedily have Ihmui 
adopted in fini-engines throughout Europe. Huch, howenn'r, was not the 
facu ; on tln^ contrary, they app<tar to have rernaiiiful companiiively un- 
known for msirly fifty years longctr; fi>r it was not till the expiration of 
the first (piarter of tlu! IBth century that they begiiu to be. mueli used, and 
years more elapsed Indent they wc'.re generally employc<L We can 
only account for this by the limitml circulatioti of tin* scientifitt j4>urnitlii 
named, arul their being confined principally to hsirneti men; who tliim as 
formerly felt indifferent towards mechanical rcsiNarclies : nieediiiniei in 
those days wore no great readers, and the few who possiefsed a ta«ui far 
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books were commonly without the means to gratify it. It is how 
singular that this account of the air vessel should have^ escaped tin 
searches of Beckman, and especially so as it was republished in 170 
Harris in his Lexicon Technicum, and in 1705 by Lowthorp in the ab 
ment of the Philosophical Transactions. He observes, “ I can fin 
4 )l(ler engine with an air chamber than that described by Perraiilt, an 
which he has given a figure. He says it was preserved in the 
library at Paris ; that it was employed for throwing water to a 
height during fires ; and that it liad only one cylinder, and yet thre^ 
a continued jet of water. He neither mentions the period of the inve 
nor the name of the inventor, and I can only add that his book was pr 
in 1()8‘1.” Beckman, in a note, states that he had not seen tlu^ first 
tion of PerraultAs Wi)rk, and therefore knew not whether the Freud 
gine was described in it. Wo may liero make the same remark, sint 
only copy in our posse.ssion is of the editioti of 1G84, having tnuleav 
but without succ<‘s.s, to procure an imj>re8sion of tlu^ pnwioiis one. 

In 1672 hone or leathern tubes wt‘re first publicly ustal, in nnulern t 
to convey water (ujguuis to lir<‘S by Jiihu and Nidiolas V^ai 

llei(l(% in Amsterdam, of which city tli(;y wen^ insp<^ctorH or BUj-nn-lti 
(‘.nts of fire ap|)arat.us. Tht^y maihMlns tubes in fifty ivvi lengths, 
brass screws fitted to tln^ ends, so tlutt any nuinlKU* could <|ui(*kly la 
nected togtithor, as occasions might nujuirc. Tlu? ititroductiou <d 
pipes forms an epoch in the history of firtvtmglniiH, for tln*y woiule 
mcniased the clhict and extended the appllcationoF these machines, 
vlous to tlunr adoption large engines coukl not be ust‘d to t^xtiiignisi 
in th(^ iiiteu-ior (yf (lw<dllng.s — it was only when the flames burst th 
Th(‘ windows or rotyf, tha,tthc*y camts into play ; atul evt*n tlum, it was 
with dilliculty and datig(‘r that they could lye brought sudicumtlj m 
discharge tlu^ water with tdfoct, while in most C4i.HeH the jet was so 
ditrust‘d by tie? n‘.slsta,iie.ty of the air tyr wind as tcy dtiscend ratbei 
showtu’ ofspray than in a compact st reu,m. f\>r want of hose tin' ei 
fheinselves wcua* als(y fre(pn‘ntly btirnt; this was indeial a. <'omiiiou < 
renca*, uiul is <yf(im nnuitioinnl in the n<ytlca‘s of conflagrations. In the 
fin* of L(yndoa tins rapitl spread <yf tin* flanu's drtyvi* tlie firemt'u fr«»n 
tmgines, and many wen* ccynsumed. In 1731 a gn at part of the tf> 
Blandford, Kngland, was dt*Hinyy<*<i, and in an atasyuiit ptibrislyed 1 
(yf tin* .sn(F(*rc»rs, it is sniil “the engines wt‘n‘ playM, but wen* soon b 
'rhis loss <yf ctngint^s was invariably canstni by the want of hose ; for 
ph'iity of tiny latti*r Is at hand, the former can be pliictnl liiiil wiirl 
any convttnimit distance Ihnn the fire, and the lk|iihl discliitrgcd 
almost any [yart of it. 

Amn.lier advantage resnlting fnym thf? introdiieiion of IcMtliern 
was in making the tuiglnes supply tlHnnHeIv«*»i. Befn’e ihi* of 
waU*!' was ptiiired fntm bin'kets int«y tin* cistern in wliirli flie |inifi|e 
placed ; henc'e when a- fire liroke tnit, one of the first objerfs was I* 
a lane of mtm, <*xtending from the engine Uy the nejirenf rivulet, 
well, or other Hourcty fd' \vat(*r ; tlmHe, on one .H’nie paHsml idiiisg tl 
buckets lo the tmgine, while tlnyse on tin* oilier rernrned the eiiipiy oni 
disptmse with this immht*r of men, the Viin tii*r Iieitlt*s Hcreweil en 
of a hryse pipe to tlie lower part of the einterti and e\ffnitet| the of 
the edgci of a ptyini or well, where its orifice was widened iuio n fu 
was kept ojyen by a frame. Info this bag the lalioiirers ptairod ih 
Units of tlu'ir bucketii, ami «i»mi*fiiiies portabit* pomps were iiMeil t* 
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the latter. This was the first step towards usiug suctum hose, and con- 
sequently towards making an engine supply itstdi P<u*!iapa it may bo 
thought strange that they did not adopt this plan at first insft‘a(l of the 
device just described, hut in point in fact they could^ nor, for lad'orcj suc- 
tion pipes could be used, a radical change was recpiinul in tlm construe 
tion of the lower parts of the pumps, and one that could not without nuudi 
difiiculty and expense he itiade in the old engines. Hiuicti t}u‘ Van d<5r 
Htiijos very properly jireferred making new machim^s altogi!tiuu' ; to 
which they adapted suction pipes. These gr(‘at irnprovtunents 
tnade about 1G75. In 1677, one or both of tiui Van tier Ilcudt^B ohtahuul 
au exclusivt^ privileg<^ to construct such engines for twenty-fivt* y<*ars. In 
1G95 there were in Amsterdam upwanls of sixty t>f their engim's, and 
when a fii'o broke out, tlu? six that Wim^ located luairest wen^ taken to 
extlngiiLsli it. The use of huither and canvas hosc^ became gma^al In the 
next ciuitury. In 1720 the latter was wovcui without staims in Leipsic 
and other plaet*s in Germany. 

Whether the engintis of tlui Van di^r lleidt's had air vessels is not ascer- 
tained ; Professor Beckman says their Inttumul constrm^tion is no where 
represented. There is strong evidence that tlu^y had inuie ; lor so late 
as the first quarter of the 18th cmitury, the Dutch (uigiu<*s wma' not g(UUT- 
ally Furnished with them, and this would certainly not luiv(‘ Ixaui tlu^ case 
had they ever been “ common in all tlu^ towns of the N<‘tlun-lauds,’* ns Van 
der Heide’s engin(‘s wenu Mr. Ghamb(;rs, in his Gyidoptslia, A. D. 1728, 
observes, article Hi/dracanistvrium, “ 'Phe Dutch and <»th(U‘.s use a long 
fiexlble tub(5 of linitlier, sail-cloth, or tin* lik<*, which tlH*y curry or conduct 
in the hand, from om* room to another, us occasion renpares ; so that the 
(uigiue may b(‘ upplital when' tin* firt' is only withiiishle, and dtu's not 
burst out to expose it to its ('.xftu’nal atuion. '^INi impnwe on this original 
finv(Migln<^ tlu^y //are sinee contriveil to tnakeityhdd a continual stream.*' 
At tlu^ tiuK' Bididor wroti', air vessels were nt>t common in Holland, and 
in 1744, Di’saguliers spt'aking of their advantages, nuriarks, ** In the Uio 
of engines to put out fires which have no air vesstds, like tlu^ Pafek m- 
gineSf or old parish emgines, a gnait dtml of water is lost at the b(‘ginnlng 
and end of the jet or spouting of the water." Philos, ii, 1G4. Betdcrnan 
says, it is certain that air vessels were not common in (lermany till after 
tluw were used by Leopold. 

Perier in Franco, Leopold in Germany, and NewHlmm in Fugland, 
contemporaneous engine makers in the isirly part of tlu^ iKth (!<*mury, 
were greatly ccdebratiai iu their respective c<umtries. *^rhey wen' some- 
times consi(H!red inventors of the fin^ engine, thtutgh v<!ry emineously, 
for so far as the principl(M)f its conHtrueti<in, appliejuion of the air vei- 
eel, goose-ruH’.k, flexibk* pipes of leather ami canvas, the cmmmtion of 
thesci by screws, &<:, were conc(*rmal, llie engine was perfected bedbre 
th(dr tiuu' ; indtaul not oiu^ of rht*m contributed any tiling t^sHential to It. 
Tlu'ir merit consisual in improving th(‘s<» muchiiu's in various wbior tidaiis; 
in the a.rrangcmtuit of the difienmt parts, eonstructitm td’ the carriageH, 
mcxle of communicating motion to th(‘ pistons, and in rtuidt'Hug the whole 
mon^ durahit' and idllclent by superior workruaushi|> and materials. In 
tlu‘se r<»Hp(‘ctH the FngHHli engima'r, wa belic»ve su.rpa«.He<i fils ctuupetitors, 
but then lu^ was tin* lust of tin* thre(i that (»nt(‘r(‘d tlie fadd, fiir Perim* starrtul 
beforci Leopold, and both were seim^ years in advancer of Nevvidiam. 

No account of Perier’s engines is to be found in modern bouks; eveii 
Belidor has taken no notice of tliem. To 8«pf>ly this dtdiedency, we in- 
tended to insert a figure of one, taken from th<i 2d ed. i>( P(»li{iierehi ‘'Ex- 
periences do Physique," Paris, 1718, (the only work with wlucdi we arts 
acquainted that contains a reprcientaiion of them,) imt on account of the 
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[Book I] 


numke, ot 


^ ^ describinf^ an atmosplieric pump b 

short descnption j.ll snffice^^ attached to a hot.-’ ' ' ‘ " 

lon^ng“ to tlie arsenal o i i-xxrt\ v}>lvr‘« in 


ill the fa 
;ti( 


longing to me arsena y gp^^tg and two valves in the suctii 


poi 


E^d; 


one of these Pii.i.n enooies. In hs Rene, 
• .k, Dnreh on. No. 14S. eo..».«in(; ..l u«,: 


rreXSd;iS':r.rr'vVssel he....en the„, d.o p.Oon rods „.„pl I 

p K . , .1 .1.1- S.V i-i-T citn.ves four ii'ct lu leuiTtli wtv 


v'o wor 


Xriev^r^hrou^rth^ ends of which staves four foot in l.j.th wo: 
■ 2 tri.1 ,? .>„i;r,rl«ra were Sixteen inches Ioiil^ and lour la dt 


inserted. The pump cylinders were sixteen : 

meter, but instead of being placed in a square woodou l.ox or ci.m.'r 


they were secured in an open copper pan, of an J'«Oho sm, 


the cylinders, and fastened by bolts to a ba.so of wood . 

^.ArT^ftrs of wliich short ropes were faHtmied. 


|ue< 


of pknki to the' four corners of which short rope.s won! fiisiiuiod. At oi 
end of the pan, the leather hose which conveyed the water tti the fire w: 
connected by a screw to a copper pipe that (*,oiumunioatiul wiui tlu‘ lowi 
part of the air chamber. The leather tulxis, Pohmen* nhsrrv(‘s, wti; 
lubricated with a composition of tallow and wax to lymler them pliabk 


and, to prevent mice axid other vermin from (y\stroymg timm, Moiiktui 
an infusion of colycinth or bitter apple. In furnisbin‘( 


wii 

water, Perier adopted the first device of the Van dor Uehirs, iiml hem 
we infer that he was ignorant of the better mo<l(‘ of making thmn supp] 
themselves through suction pipes. As they (‘.ouhl only tlntw water out ( 
the vessel in which they were placed, and it being i(»o Kinall siiul iumuivi 
nient for numbers of people to pour the couKuits of their hurkef?^ into 
when the engine was in use, a canvas or sail eloth Img, eoiaml wit 
pitch or tar, was connected by a flexible pipe of the same tnnterml. to tl 
lower part of the pan. This bag was of a coiueal f»>rm, the wuU* etui b< 
ing uppermost, and supjDorted with the mouth open on a ffiltiiuir IViuik 
something like a high camp stool. Into this !>ag th<* water fur the suppl 
of the pumps was poured. It might of coiirsi^ Ih‘ j flared at any ronvea 
ent distance from the engine, by means of mhlitional lenpjhs uf pipes flu 
were always kept ready and which w(u*e conin‘rtt*d tugeihiu* by raTew 


These engines, Poliniere says, forced the water through the urilire ofih 


jet pipe to a surprising distance. He ol)H(u*vt*s tilso that smalirr mieg wet 
in use; which consisted of a single cyliudem ami air rfianilier, iitifl wttr 
worked by a single lever. 

The following extract relating to Perierbs tutgine m frum ihi* Difuiru 
naire CEconomique, 3d. edit. Paris, 1732, from wliieh it iippntrH iliitt i 
that date they were small affairs, and diflenul but littlu frniu uur ipirflr 
engines; in other words, they were then 'nothing imire rhiiit fmii 

tive, the name by which they were (lt\signat(*d at the fii-nf, hii 
que le Sieur du Perier a inventee ou perfectionnia* nt tih-i fkin 

les incendies. Deux hommes la peuvtmt aisr'mont fi^tiiHpurfrr ii¥i*r fut 
son attirail, et la placer dans tel liet.i (ju(‘ foui %mudra. II pint uSm 
saire qu’elle soit dans Tendroit ou m trouve Ihum, il y a un raiail dr rmil 
cire en dedans, qui sert a conJuire l’<^a.u ju-upibf la putiipr. (!»♦ eiiiii 
peut ^tre augmente en y adaptant dbuitrt\s cntninx fiifn <ir^ la mhiw fiirwi 
liU pompe 4tant placee dans Ic lieu hi plus coimiiodi*j pouf, mirorr |Kii 
terfeau dans le plus fort de rincendie par Iv. tnuhni dhui riitiJif imi « 
fait de cuir, et qu’on augmente, aiitant ipfori vout, tm y iijmitmii ffittiire 
canaux par le moien de quclques vis. '.La iluin ohi 


Chap 8.] Leopold's Engines, 3^ 

canal n’emp^chent point Teau d'aglr avoc violence, et la force avec 1 
quelle elle agit est d^autant plus grander (pu* les honnnes (|iu iVmt alltu* 
pompe, emploient eux-mf‘mes plus de forcti, la tptaiifitti <Pt‘an depend 
core du nombre de pistons.” 

In 1699 Perier obtained from the king an exclusive privilegi* to <*o 
struct fire-engines, wliicli Professor Bet'kinan thinks wert* fhe first puhi 
ones employed in Paris. Iti 1716 an ordinance oi thr* king tlire<Ued 
larger nuiriber tlian those already in us(%^ to he distrihutt‘d in di!Ft‘re 
parts of the city, and public noticti to be given where they cendd be fiiui 
in case of fire.®- In 1722 there were thirty in hesideii others !)eh»ir 
ing to public l)uildings. As tlies(i mucliitH‘s had air vessels, it is «tmn| 
that Belidor neither iVientions the fat'.t nor refers t{» Paris e ngines at a 
After describing a Dutch out^ No. 14B, he (piotes (as if he ktitnv «)f no othe 
with air vessels) Pcrratilt/s de8crij)tion -of the one that was in the king 
library fifty years before, and au tictumnt of another that Du Fay saw 
Strasliourg in 1725. 

Leopold's engines do not appear to have posst^sstHl any peculiar featu 
to which he could lay claim as invtmtor. Th<*y mnnn to liavi^ hiMUi idtt 
tical or nearly so with the one desc.ribcHl in the Jotirnal des Savans ftu* 
years before, (No. 147.) ICach consisK'd of a singlt! |)iunp with an air vc 
sel enclosed in a copper c.hc‘.Ht. Om man raistul a jet by it, to the heig 
of from twenty to thirty f<‘(U. ,L(‘opold kept the c(uistructit>n fur mni 
time a secret, and with this view ih<* punqj was <*nrirely eiufiused in tl 
chest,* a cover Ixung sohhu’ed on the latter. He<*knian .says he made iti 
sold a gretU; num])er of them. In 1720 he puldiahed a de,*:<Tipiiun of the 
in a pamphlet; and in 1724 In^ insertetl an a(‘emml of them in his 
Mackman/m Hi/tlravlirarum^ a work jmblisheil that yi'ar at Leipaic 
tlinio volumes folio. 

Tlie annexed figure, No. 14B, tixhihiti fu» improvimtent (tit Ltuipold 

engine, having two cylittders lu 
W(»rkingby a diuibh^ lever. Smi 
migines Hceui lt» havt* i»een prefe 
rtul to lhoH(* (if htrgt* (liuHueiuii 
such 104 wer<^ made by Uaufjie' 
or fhosi* (»f mutitu'ii time.n. iN^fui 
the intruduetion uf liu.ne pipe 
small om*s were <‘rrtnijdy iiiui 
tiHtdui, Minee they (’uuld lie carriv 
intu any parr uf a whim t 

fin*, but when fhvxible pipf-'-i uf’ !e, 
ther and eanvas becium* commu 
their eHiclenry wmi ihU to be cun 

No.HB. Dutch Fir«-Kngiti«. A. D. im 

English fin^-cmgines were much tin* snm«* diiiiefisiunH as thu%e n?-4 
on the.; continent till Ntwvsham ami (‘unKunporary (*ngineers intrudum 
others that approac.hed in sisie tliost^ in pri*sent tise ; bnt fa* Mwrr 
years afuu* tlm smaller om*H retaiiu-ul tlu^ prtderenein Ida* lamdun in 
nufacturers madt^ six diflerent sr/a^s, the larger om* only being' phiet 
on wlitads. Kv(‘n in the middle of tin* IHth tteninry rim-h ;,ei art* 
pres(mted by tin^ ftgurt^ on tin* m*xt pagt* \vt‘r(* tnimmun in ilnit city, 
similar figure was puVdishtsl by Mr. (dari^ in l?‘Iu in hi j wm-k tm tl: 
motion of fluids, and so late as 1765 it was <it‘>;crib(*d (in die liumiun M, 

iTJi'y.mA 6 It- th rtf ui Ah siit t I i#ntf tlti 
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air vessels were not used in England before the 18th cen tutj tt may 1 
Xe“ed that in the year last nanxed, those engines xjjich had them we> 
^med “ constant stream’d engines,” to distinguish them from those th 
had. none — such being" called squirting engines. 



No. 149. English Fire-Engine of the middle of tlio 18th century. 


In 1729 Switzer published bis System of Hydrostatics, in which ho n 
serted the circulars of two rival engine makers — Fowke and Newshan 
As these documents contain some interesting particulars respecting th 
state of practical hydraulics at the time, as well as of firo-engiuos, we insei 
some extracts from each, previous to introducing Newsham’s engine. 

Nightingale Lane, Wajpping : makes 
1. Constant streamed engines for extinguishing fires, the large sizes pla 
two streams at once, being the first and only of their kind, and does tli 
office of two engines, and so contrived as to be drawn throngh, (mul ; 
occasion requires,) worked in a passage three feet wide, which no othe 
can, and will feed themselves with a sucking pipe. Their movements ar 
easy and nSlturak having a perpendicular stroke, and are without eithe 
rack, wheel, chain or crank, whereby the friction is lessened more tha 
any others, and consequently requires less i^trengtli, are more useful, mu 
less liable to disorder and decay, and much cheaper than any other / am 
therefore are hy judicious persons esteemed preferable to all othere.* B' 
screwing a pipe they water gardens, dispersing the particles of water fo 
about fourteen yards square, like small rain. The four larger sizes rui 
on wheels, and the other two carried by two men likt^ a chair, 

“2. Engines which will work either by water, wind, horses or men, an( 
so conmved that either may work at a time, or In’: assistant to midi othc^r 
whereby large quantities of water may be rai8<nl, so that if tlu^ Wwlit cHs 
tance and quantity required be known, the expense and strengtli maV hi 
calculated so as to serve cities, towns, noblemen and gentlemen’s seat 
and fountains, brewers distiUers, dyers ; and for draining of lands, ponds 
and mines of lead, coal, &c. ^ ^ 

“3. Pumps which may be worked by one man, for rai.siiiif water out o 
any well upwards of one hundred and twenty feet deep. Huffieieut Ibrthi 
service of any private house or family ; and so contrive 1 tlmt lyt rrZ 

many room, and by screwiner on .a leathAr Y .. ^ 
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i^ fter referring to a number of machines erected hy him in Loiidcui ami 
its vicinity, Mr. Fowke concludes with a table <d* pricen et 
the smallest being c£14 and the largest ^(>0. Newshimfs rirruliir ifi e!e 
viously designed to counteract the eftect of Fowktfs. 

Richard Newsham, of Cloth Fair, London, engiina^r, makes the intmt 
useful, substantial, and convenient engines foriiucnc-Iung hrri*, whirh rarries 
co7itinual streams with great force. IJe hath play*d «cvf*ra! of flnun !ndtiri* 
his majesty, and the nobility, at St, Jameses, with ho gtmtn’al iiii a|>pn»bii“ 
tion, that the largest was at the same time ord<‘red lor the t>f ilnil 
royal palace. And as a iurtluir encouragement (to prevtmt titliers from 
making the same sort, or any imitation thereof) his niajt‘Hty litti «i«ri? been 
graciously pleas’d to grant him his second letti'rs patent, for llte liettin* 
curing liis j)roperty in this, and several other invtmtkms h^r raiding wiilur 
from a,ny diipth, to any height reupiired. 

The larg-est engine will go through a passage ahont three foot in 
complete working order, without taking off or putting on any thing : and 
may be worked with ten men in the said passage. One man can quickly 
and with ease, move the largest sl7,e about, in the compaMi it stands in; 
and is to be play’d without rocking, upon any uneven gnmnd, with bandit 
and feet, or hands only, which cannot be paralhdM by tiny oflnu’ sort what*- 
soever. There is conveniency for abov<* twenty mrn to apply thriv full 
strength, and yet reserve both ends (d'the eiHttu'u clear fnun iiummlirancc, 
that otliers at the same timo may pouring in watm*, whieh draiiei through 
large copper straimn\s. ddn; staves that an* fixed tiiruu;d‘ the leavcnt, 
along the sides of the engine, for the men to w<u*k by, thoigd* very light, 
as alternate motions with (|uick returns reipure ; yet will nf»t aprmg itnd 
lose time the haist : but the staves of such tmgimxs as are wrongbl m tlio 
ends of the cistern, will spring or bnatk, if they be of such a leiigili Hi ii 
iKJcessary for a large tmgmc!, when a cmmidtuaibl# power m apptyhl ; and 
cannot lie fix’d fast, because they must at all times bn taken cnit Iwfiirti 
that engine^can go through a passage. The |)Iaylng two streams iit, nitre, 
do neither issue a greater ejuantity of water, nor is it new, or s<» ustdul, 
there having been of the like sort at the steebyard, and other plite«‘:i, thirry 
or forty years ; and the water being dividetl, tlm distance anti force are 
accordingly lessen’d thereby. 

“ Those who pretend to make the forctu’s work in the bnrrels, wirli a pt^r- 
pendicular stroke, without rack, whmds, chains, crank, pully, «*r like, 
by any kind of contrived leavers, or tfircular motion whatstievt^r, wifli leii 
friction, than if giiidcal and work’tl hy wheel iind cdiidns, (wiitch of ill 
methods is the Ix'st,) do only discovtir their ignoranct* ; tliey riiay tw rea- 
sonably argiu;, tlmt a great wtigbt can be <lnigghi upon a ileilge, with M 
little strength, as if drawn upon wheels, 

“ As to the treddles, on wliich the mtm wtirk with their fiwi, there !s nn 
method so powerful, with the like velocity or <|uickness, and more luiriiral 
and safe for the men. Great atteunptH have been nmde to eiccec«b bur fionti 
yet could equal this sort ; the fifth iixe of which hath play’d itbov.r tlm 
gra.s.shoppcr uptin tlm Eoyid Exchange ; which is upwfoahi of fifty -five 
yar(L high, and this in the pnistmct* of many thmisaiul spectiOurfi, 

1 hose witli suction feed tln^mselveH with water fn»ni a caiial, 
well, &c, or out of their own cisternH, by the turn of a <'nrk, wiiltotii i«. 
terrupting the stream. They are far. less liuhie to <limirdrr. riiiicli wore 
durable in all their parts, than any extant, ant! |ilaj off large of 

water to a great distance, either from the cntdrio. or n *■*!#« o# 
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not perform; neitlier do they throw one fourth part of their \ 
fire, at the like distances, but lose it by the way ; nor can they 
pipe with them to much advantage, whatever necessity there 
it. The five large sizes go upon wheels, well box’d with br£ 
strong iron axles, and the other is to be carried like a chair.” 

No. 150 is a vertical section o 
in Newsham’s engine, with th 
between them, and showing als< 
and chains by which motion is 
from the levers to the piston r< 
latter preserved in aperpendicu 
The chains are similar to watc 
their construction, and the len^ 
is equal to the arc of one of 
Four are used, two to each se< 
mode of operation is in this mt 
end of a chain is fastened to t 
piston rod, by a bolt and nut a 
ed, and the other end riveted t 
extremity of the sector; so tha 
latter is turned down by dej: 
lever, it necessarily draws, by 
the piston down with it. Anot 
fastened in the same manner tc 
part of the piston rod, (that is al 
No. 150. Section of Newsham’s Engine. and the Upper extrei 

sector, and hence when the lever is elevated, this chain raises the 
it. He probably derived the idea of thus working them from IS 
mode of working pumps by the atmospheric steam-engine, 
opening below the valves in the above figure, is where the s 
is continued to the hose, shown at one end of the cistern in the 




No, 151. Newsham’fl Fire-Engine, A. D. 1740. 
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No. 151 is an external view of one of Newi^haiifs mvruieH at the time 
of his death, as drawn by Mr. Labelyo, the eu|,nuc*er of We.stniinstei 
bridge, and insea-ted by Desaguliers in the second voiinm; of his IMiiioso- 
phy, in 1744. Its general appearance is far irderior to nuHhnm ones, hut 
the essential parts — the pumps — were e<pial to^ tlumo now used. 1 In 
strong iron shaft by which the pistons were raised and depn^HSiHl wtu 
continued along the top of the cistern, and to it tlui It^vtu’s \V(‘re Hee.ureci 
as at present j but in addition to the levers, s<H*tors, likt; tluKsc: that movtui 
the pistons, were also, fastened to it — portions of two of thest? ani shown h 
the cut, and there were two others near the upright ca.H(i : to their tippoi 
parts, two long strips of plank, or treddles, wt‘re susptuultal^ by shorl 
chains, and on these planks, six men, who stotul u|>on the cistern anil 
held by tlie hand rails, alnumattdy threw tlu'ir weight, ; first on tlu^ troth 
die on one side of the carnagc^,^ and dnm on tlu‘ otht*r, and thus nithHl tin 
firemen at the levers in working the engine. l’h<t hox or trough, with « 
grate within it, at the end of the cistern, was for th(‘ purposes ofmnptyin^ 
buckets of water to supply the pumps, whtm th<^ suction pl[)e (figurml Im- 
low it) was not used. The stnall fla|> on tiui <‘n<l ()f the upright, ('ast^ co- 
vered printed directions how to use and ke(*p tin* migiin* in onhu'. 

If the section, No. 150, he coinparml with English (mgine.s in pn*vioin 
use, one of which is figured at No. 141), it will he semi at a glance liovsi 
great were the imp rove nnmts that Ni^wshatn intnubn'ed. Independenflj^ 
of the three most original of his contrihulions — -tht* sectors and idmin.s— 
treddles — and working the ]>umps with long staves at tin* sides ot tin 
carriage instead of short ones at the end.s— tin* whoh* msnddne was im- 
proved mor(} or le.ss in twmy part. To keep the <dhtern and it*verH as low 
as possible, the carriagi^ was placed on b<*itt axles, lit* introduced and 
improved the three-way cock, tuul the goose-neck was |)er!ectml in hii 
hands; the elbows bt'ing j(nnt(‘d to (*ach otInT l>y very fmt* scriwvs, De* 
saguliers thought that tio part of the engine ctmid be alterml for the bel- 
ter. A writer in the London Magassine for 1752, (pagt^ .395,) says thiii 
Newsham in these machines gave a nobler pn^sent to his c'ountry than 
if he had added provinces to Great Britain.** Their merits wen* gene- 
rally acknowledged : ho received orders for tliem frmn various parts of 
Europe, and it will be seen in a subsmpumt part of this cliapter that tliosc 
first used in this city were made by him. 

The celebrity his engines aeapiired had a blighting ef!(‘ct on other ma 
nufacturers — like Aaroifs rod swallowing up those cd* his compt*titorg, 
His engines wore purchased for th<^ use of tln^ puriNlies throughout the 
country generally, and also by the vaihms insurancii eonipanies, which, 
unlike ours, are at the solo expensti «>f i*xtinguishing firt's, and of provitl* 
ing the means to effect it Every insurance <!otiipii»y in Kngbsli cities 
keeps in its pay a number of finmum to lakt! c.harge i»f am! wtirk its <twii 
engines. Two horses are attachcul to cntcdi engint! to draw it to atid 
from fires. The height of the jet from New.«4hiim*ii cnginc*H wan about 
fifty feet. He mentions in his circular having llirown it t(» an eit-vatior 
o^Jifty-fimi yards, but Im was ccu’tainly wuHtaken. 

Several improvtunents liavt* b(*tm imuh? in Eiiglisli rire"eii|.»'!neM raucr 
Newsham’s time, but they are chiefly confined to tin* carriafp*, and to de- 
tails and arrangitrmmtH of tin? various parts. Trmhiles an* diMpemiei! with, 
and the carriag(?s are matle long(*r, so that a greater nnmher td' men cur; 
bo employed in working them. They r<‘Heudde Atm'rican t*!igiti<*ii nt 
closelv. that. a. acna-rati* a mnd#*rti 


336 Modern French Engine, \ 

The following figure of a modern French fire-engine is fror 
nuel du Fondeur ; Paris, 1829. It consists of two cylinders 
vessel arranged in the usual way. One of the pumps, and hah 
chamher, is shown in section. The cistern is more elevated th£ 
lish or American engines, and from the consequent height of 
would seem more inconvenient to be worked. The suction 
copper with folding joints, and a perforated hollow ball at the 63 
prevent dirt or gravel from entering with the water, A shor 
tube connects this pipe with the suction cock. This engine is 
the ends of the carriage, and the piston rods are connected to th 
slings, and made to rise and fall in a perpendicular position by i 
jointed to the upper ends of the latter, and to permanent piece 
ject from the frame that supports the fulcrum. 



No. 152. Modern French Fire-engine. 


The elevation of the jet depends upon the pressure to whid 
the air chamber is subjected ; the elasticity or spring of that i 
inversely as the space it is made to occupy. Before an engin 
work the interior of the chamber, like that of all empty vessel 
vulgar solecism,) is filled with common air, of that degree of 
which it appears near the earth^s surface ; but when the pumpi 
work, the water forced by them into the chamber crowds the 
dome or upper part of that vessel, whence there is no passage 
cape; and, as the liquid accumulates, the air is condensed more 
until, by its reaction on the surface of the water, it drives thelatl 
the jet or hose pipe, and with a force exactly proportioned to 
of its compressure. Thus if the volume of air in the chambe 
pressed into half its bulk, the jet would rise to about 32 or 33 
retarded by friction, angles or other imperfections in the pipe 
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the following, exhibiting the relation between the height of a jet and the 
air’s compressure, has long been published. It is, howevt^r, of litih* use 
to practical men. We doubt if a column of water of tlw size of those 
thrown by ordinary engines could be raised by any inc‘aiis, two hundred 
feet above the orifice of the pipe whence it issued : tlie rtjsistuuets of the 
atmosphere would disperse it before it could reacli that elevation. 
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Great as arc the advantages derived from air chaitibers, some atttnttion 
to them is required in order to secure at all times fh<^ laundit tln'y arc 
designed to impart. When neglected (atul we laditwe f^w parts (rf an 
engine exercise the attention of Hremen h‘ss) th(‘y oluui beronn^ inuiially 
injurious, for when no advantage is d(^riv<*<l from tin* <*iusti<‘ity of the nm- 
fined air, the water is itnpeded in its progn*ss by passing thnmgh tlH‘m. 
Upon the trial of engim^s it sonnjtimes occurs that the water is thrown 
higher at their first working than after th(*y lm.v<* bt‘en a few nnm|tei 
in use, and this notwithstanding all tln^ efforts of tin* firemen to make the 
jet reach tln^ first (d<^vution. This result has sometim<*!H betm nttnbutt*d to 
fatigiui in ihc^ m(?n — to ohataedes in the pip«‘« — to grit or sam! under the 
valves, &c. whertuis in fact it was oflcm due to thes air vessel tdone ; i, n. 
to the escape of air from it. This escape may he oce.iuiiotied by mi- 
nute leaks in the chamber, but when no such imperfections exist the air 
frequently makes its exit, and its plae.o becorruus occupitnl by tht^ li^piirL 
Whenever air is subjected to great pressures in contact, with water, it 1$ 
quickly absorbed by the latter, and in this way it is that it often rllsa|q>eari 
from the air chambers of fire-engines, and also from thost^ of prtnisnre tue 
gines. Heron’s fountain, water rams, &:c. Wh<m a long suction hose i# 
attached to an engiiKi and the latter worktnl at a motliTiite? vehK’itj, a 
sufRcient supply of air to replace that takem up by tlu^ watf*r, (*(>mmonly 
enters, unknown to the firemen, through the seams and joints; hut whan 
one engine is fed by another pouring water into its cisttn*!i, there is little 
chance for the requisite*, supply of air, unless a minute op(*ning wttra left 
in the cap that screws over the orifice of the suctiem pipe, at mm and of 
the engine. 

Tlie suction cocks of some engines diminish their tiieful affect in con- 
sequence of the holes through the plugs being smaller than other pai- 
sages for the water. 

The great desideratum in modern fire-engines is an improved mt>da of 
■working them. At page 72 we mmarked that expcudmantid n*saarchci 
have shown the uselul effect of a man working a pump, in tjrdinary 
way with a lever, to be fifty p(*r cent less than wh(*n hc^ tunm a crank ; 
and that when his 8trc‘ngth is applicni as in the act of rowing, the effect ii 
nearly one hundrcid and fifty per cent more than in moving a pump lever 
This is sufficient to induce efforts to supersede the presemt mode of work- 
ing the pumps of fire-engines, and particularly so, m the labor b m »#- 
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[B 


1 c ^nnrinue it above a minute or two at a time, 

vere ibat few ready, buildings on fire are left to fate. 

nrodtS by the violent contact of the levers ^ 
or at every stroke, is a source of waste of f 

sides of the uniformity in their movements when at - 


energy, and London Mechanics’ Magazine, 

another* ^ t • ^■.^'UCv-ine oTirv/^lr-e* /i/Anc<onm<anf rkn tVi <a 


Tc ^P^cribed for diminishing the shocks consequent on the 
If the livers with the carriage. It consists of three spiral springs , 
in cvlindrical cases secured on each side of the carriage ; pads ref 
m paph case, and uoon them the levers stn 


sorincs and project above each case, and upon them the levers 

Anvrn Blocks of caoutchouc were prevmusly tried, but 
pulled ^ soon rendered that material useless. The 

hlTwhich engines are sometimes worked also occasions a useles 
diture of their strength ; we have seen some drawing water throi 

1 T /N/-I c*r\ /^in Ir-l vr 4- U T’Krni i 


suction pipes, and the pumps worked so quickly that the water ^ 

^ x.x 4-U« hncp nnH •fr// •f-hia /^\riin/Hpva 


had not time to pass through the hose and the cylinders, ere 

tons began to descend. . . m j ..t. 

If some mode of making the carnage immovable, and the purr 
worked by long cranks on each side, the firemen could not only 
fifty per cent more labor, but they could do it with less exer 
consequently endure it longer. A modification of the plan ad 
the Ypres engine, page 325, would be still more effective ; in 
to which ropes mi^ht be attached to the bars, and any number o 

tors could then assist. ^ ^ 

If we review the progress of fire-engines in modern times, ; 
simple syringe to the splendid machines of the present day, we i 
that every important improvement in the apparatus for raising tfc 
was a nearer approach to the engine described by Heron. Prc 
the 16th century, syringes or squirts^ only were in use, and no 
Spiritalia had been translated and printed do we meet with the 
tion of pumps. At first a single working cylinder was employed 
piston moved by a single lever as in No. 144 ; then two cylind 
worked by a separate lever, were united to one discharging pi] 
the double lever, as figured by Heron, by which an alternating n 
of the pistons, and a more elficient application of the force emplc 
secured ; then the goose-neck, also mentioned by Heron — and li 
air vessel made its appearance. If the beautiful and philosophic 
last mentioned, be, as some persons have supposed, a modern i: 
why is it that no one has ever rose up to claim it ? .fs not this a 
mission that it was derived directly from the Spiritalia, or from V; 
description of the machine of Ctesibius 'I To the ancients, thei 
indebted for the most valuable features in our fire-engines, and 
unreasonable to conclude that those used in ancient Egypt and c 
were as effective as ours. If they were not, it is very strange tli 
should have hit upon that construction of them and that arrang 
their parts, which we have only acquired after a century spe] 
periments. 

Of late years steam fire-engines” have been introduced witl 
in some parts of Europe : a small horizontal steam-engine with 
being arranged on the carriage of the fire-engine. One large pu: 
der only is used, and its piston and that of the steam cylinder are 
to the same rod. Mr. Braithwaite, a London engineer, was, w< 
the first who made one of these machines. The steam cylinder v 
and a half inches diameter* anrl the mim'n «iv a • tlie t: 
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ninety feet.* The time of getting the apparatus into play from the moment 
of igniting the fuel, was eighteen minutes. When an alarm of tire was 
given, the fuel was kindled and bellows attached to the engine were' work- 
ed by hand. When the horses were harnessed to drag the inaohiiH^ to 
the fire, the bellows were worked by the motion of the wIum'Is. (Sce^ 
London Mechanics’ Magazine for 1830, and in volume xviii, f'or 1832, 
there is a figure and description of one made by Mr, B. for tlu‘ Prussian 
government, being designed to protect the public buildings of Berlin.) 

One or two of these machines on an improved plan by Mr. Kric^sson, 
are now being constructed in this city. 

Fire-enoinks in America. — The hrst use of fire-engines is an impor- 
tant event in any country, and may be considered as constituting an epoeli 
in the history of its useful mechanism: moreover, wherever they arntnade^ 
they indicate a certain degree of refinement in civilization and an ad*- 
vanced state of the mechanic arts. To their introduction into this conti- 
nent, future historians may, and probably will, havx^ re<‘.ourse for data ri'i- 
pecting the state of society in the early days of tlie rc^pnhlic, and the still 
earlier times during which the country was subjec.t to Europe^ ; for the 
circumstances which precede, and eventually lead to the adoption of fire-- 
engines, invariably reflect lighten the manmu-s and customs, tlu- polict- and 
other municipal regulations of the times, as wtdl as on many of the arts, 
particularly those connected with hnildmg. Tin* following extracts from 
official records in the clerk’s offica-, r(‘spccting tlnur intro(lti<*tion itito tin- 
city of New-York, will he found to illustrate some of th(‘ ahov<‘ nmiarkH. 

It does not appear that eith<.u* squirts or engiiu-s W(*ro ns<‘d <1 tiring the 
time the city rmnaiiunl iu posses.sion of its fbund<n*s ; viz : from A. 1). 
1G14 to 1()64. The volume of Dutch records pn-serveHl in tlm cittrk’s of- 
fice, to which we referred, ptige 299, contains stwernl enactments rtdating 
to firths and fire wardtms, hnt no mention is made of instruments for <-xtiri- 
guishing fires until 1648, when ladders, hooks and buckets wert- ordert-d 
from Holland. As these records have never been pnnted, a few extracts 
from the ^‘Ordinances of the Director-General and trie Oonneil of tin* New 
Netherlands,” will bo acceptable to most readers. The first one is dnuui 
May 29, 1647 : it cannot, perhaps, be strictly consuh-red as relatiMl to our 
subject, although it was designed to remove a fruitful source of fires, viz : 
inehrietij. On the above date the Din-ctor-Gcmc-ral, Fefrus Sfrn/rmmt, 
issued a proclamation, addressed to certain of the inhalutants “ who are in 
the habit of getting <Irunk, of quarrelling, fighting, and (if smiting cuich 
other on the Lord’s day of rest, of which on the last Sunday, we our- 
selves witnessed the painful scenes.” It appears from this and other 
edicts to the same effect, that the governor had considf-raldc- difficulty in 
keeping a portion of his people sober; and from following a practice wtiich 
he denounces as the “ dangerous, injnrion.s, and damnable sidling, giving 
out, and dealing out, wines, beers, and ardent spirits to the Inditins or na- 
tives of this land.” 

Another proclamation is more to our purpose. Whereas it lias come 
to the knowledge of liis excellency, the Director-General of Nmv Ne^ 
therlands, Curaeoa, &c. and of the Islands of the same, and thidi* Fxccilen- 
cies the Councillors, that certain carelcxss pm-sons are in the habit of neg- 
lectingto clean their chirnnieg ]>y sweeping, and paying no artcution to their 
fires; whereby lately fires have occurred in two liou.ses ; and wherens tho 
danger of fire is greater as t.hi* munher of linusoH increascH hm-e in New- 
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prompt and excellent Director-General and their honours the t 
it has been deemed advisable and highly necessary to look int 


ter and they do hereby ordain, enact, and interdict, that fron 
forth no wooden or platted chimnies shall be permitted, . The 
standing shall be permitted to remain during the good pleas 

fire wardens As often as any chimnies shall be discov 

foul the fire wardens aforesaid shall condemn them as foul, and 
shall immediately, and without any gainsaying, pay the fine 
guilders, for each chimney thus condemned as foul ; to be appr 
the maintenance fire ladders, hooJis, and buckets ; which ahi 
vided and procured [from HollandJ the first opportunity. And 
house of any person shall be burned, or be on fire, either throu^ 
neo-lio-ence, or his own fire, he shall be mulcted in the penalty 


five guilders, to be appropriated as aforesaid. Thus done, passe< 


lished at Fort Amsterdam, this 23d day of J anuary, 1648. 

This ordinance does not appear to have produced the des: 
since a similar one was published in September of the same yea 
bruary 1656 another was issued, by which the fire wardens were < 
establish such penalties for chimneys or houses taken fire ske 
among the customs of our Fatherland^ At the close of the folio 
the use of squirts or engines does not appear to have occurred t< 
bitants, a circumstance from which it may be inferred that sucl 
were at that time little used in Holland, and this also appears f 
iusion to the practice of quenching fires there, in a proclarnatio: 
ing wooden chimneys, flag roofs, &c. “ In all well regulated 

corporations, it is customary that fire buckets, ladders and hoc 
readiness at the corners of the streets, and in public houses, for t 
need. [Here is no mention of engines, althougli the instrumerj 
Holland are obviously alluded to.J The Director-General and 
cillors do ordain and authorize in these premises, the burgor; 
this city, either personally or by their treasurer, promptly to d 
every house, whether small or large, one heaver, or eight guild< 
want, according to the established price j for the purpose of ordc 
the revenue of the same, by the first opportunity, /rm Fathe 
hundred and fifty leather fire buckets; and out of the surplus, to I 
some fire ladders dmdfire hooks : and in addition to this, once 
demand for every chimney, one guilder for the support and mt 
of the same. Thus done in the session of the director-general 
cillors, held in the fort of Amsterdam, in New Notherlaiids ' this 
of December, A. D. 1657.” 

After New Netherlands became a British province, similar o 
continued to be enacted till the year 1731, when two of News 
gines were ordered frorn London. These were ]n*ol)ably the fir 
gines used on this continent. The following extracts are fron 
nutes of the common council. 

“ At a eom^mon council held the 16th day of February 1676- 
2m yea? of Charles IL Ordered that all and evcjry person an< 
thathave^anyof the city’s ladders, buckets or hooks in their 
custody, forthwith bring the same unto the mayor, as they will ai: 
contrary at ^eir peril.” The same date some wells wcn-c orde 
made for the public good of the city,” among which was ^ 
against YouleflP Johmson’s thft -o ...... 


341 


Chap. 8.] Aiddi from Mintdes of the Common Council. 

within this city, for avoyding the peril of fire/’ No mention is lun'o made of 
engines, nor in the next extract, wherein the want of inatrurnc‘ntH to <|U(mc]j[ 
fire is especially referred to. '' Feb. 28, 1686 : Wlu^roas great damagt^s 
have been done by fire in this city, by reason there were not instnumoits 
to quench the same. It is ordered that every inhabitaiit within the <diy 
whose dwelling house has two chimnies shall provide oru^ bucket i(>r its 
use : and every house having more than two hearlha, nhali iiavc^ t\V(» 
buckets.” Every brewer was to provide six, and every baktu' three, buck- 
ets, under a penalty of six shillings for every bucket ordered. ** January, 
1689 : Ordered that tlierts be appointed five Brent mmtern ihr the o( 
New-York, as follows : Peter Adolf, Derek Vaudtu-brink, Derek i'en 
Eyk, Jacob Borlen, Tobias Stoiitenburgh ; and that five ladders Ins made 
to serve upon occasion of fire, with sufiicient liooks thereto.” 

November 16, 1695 : Ev(u*y dwelling in the city was to be providiul 
with one or more buckets by New-Year’s day. Tht^ ttmauts were to 
provide them for the houses they occupitul, and the cost to he deductiHl 
from the rent. Every brewer was again ordercul to procure for his pre- 
mises six, and every baker three. JSevcral buckcas were lost, and thf! 
public crier was directed to give notice. These ‘‘ orders” do not appear 
to have been implicitly obeyed, for they were fnspiently rtqaaittHl, aral 
* in November 1703, a penalty was attaclHal for noncomplian<*c. ‘‘Octo- 
ber 1, 1706 : Ordered that Alderman Vamhu-hurgh dtj providt^ fu* the 
public use of this city, eight huhhirs and two lire, hooks, and polfs ol‘such 
length and dimensions as he shall judgi^ to lx* c.ouv<uil<‘iit, to lx* usctl iu 
case of fire.” November 20, 1716, a connultlc<‘ was apjx»luti*d “ pro" 
vide a sufiicient iuimlx*r of lath Uu'S and hooks l<)r tin* public, use of this 
city in case offing” In Novt'iulx'r 1730, kirf.-knoinks tire first m«‘re 
tioned. Ou the IHt.h of that month anioug other provisions ennctcHl fltr 
the prevention an<l (^xtinguishuKuit of fires, oix* is in the fidlowiug w<n*ds: 
‘“And be it ordtiiix'd by the authority aforesaid, that fm*tliwith provision 
be made for hooks, ladders and ])uckets, and fihr-knoines, to Ixt kiqu in 
convenient places within the city for avoitling tht^ peril of firm” At tlie 
same time the inhabitants were again direcUul to provide and kt‘ep lmckf*ts 
in their houses. It does not appear that any active nuMisures to |)roeure 
the engines were taken till the iKiXt year, for und<T the dati* of May 6, 
1731, the common council “ Resol vcxl that this corporatimi do with all 
convenient speed procure two wrnpl<i(\fre-(mi*rn(\'i, irifh rnniion and alt 
materials tlierevmto hdonging, for thcpahllc sere ire: that the sizes thereof 
he the fourth and sixth sizes <f Mr. Newsh(rndsjlre«engines : and tliat Mr. 
Mayor, Alderman Gruger, Alderman Rutgers and Ahierman Hoosevelf, 
or any three of them, be a committee to agree with some proper mi*rchani 
or merchants to s<‘nd to London for tht^ sann^ by the first conv<*yarice, 
and report upon what terms the said fire-C‘ngint*H, &c. will be d<divere<! to 
this corportition.” 

On the 12t.h of June the committee rcqjorted that the engines couhl be 
imported at an lulvmce of 120 p(*r c<mi ou tin* invoice; and tluy werc^ 
ordered accordingly. Tlit^y to hav(* arrive<l about the Ist of />c- 

ce?nher, for on that<lay, a room iu the City Hall was ordered to bo fitted up 
“for securing th<^ firt*-engin(‘.s.” On the 1 4 th (f Deeenihtr n. c<uuiniftee 
of two was appoint((d “to havi* th<" fire-engines cleamxl and the* leiiflH*ri 
oiled and put into boK<‘.H, that tlw*. same, may he fit I’or imm<*diuti^ ime.” 
January 2d, 1732. Tlui mayor and four inemlx'rs of the court wen* au- 
thorized to employ persons to put the fire-<*ngirH*H in go(xl onler, and iilpri 
to agree with proper ptu'sotis to look after tuid takt* <‘arf* of the saiiim It 
appears that Anthony Lamb was the first superintendc*nt of fire* '•engines, 
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Z SiSr Mr. An*..J L.mb, fc, 

border the sum of tLee pounds current "loney of this color 
of OTe quarter of a year’s salary, due and ending the first msta 
tl e Lme date a committee was appointed to employ workmen 

in ^oTp 

paiVand coSon, and to play the same as often as there shall be 

convenient house [was ordered] to be ma 
PTious to the watch-house in the Broad street for securing and well 
Ae fire-enoines of the city.” This seems to have been the fir 
house May 1, 1736. Jacobus Turk, a gunsmith, was appointe 
charge of the fire-engines and to keep . them in repair at his own 
a salary of ten pounds current money. Mr. Turk undertook di 
next year to make an engine, for May 15, 1737, the common co 
deredthe sum often pounds to be advanced “ to the said Jacob 
to enable him to go on with finishing a small fire-engine he is m 
an experiment probably the first made in America. 

November 4, 1737. The common council drew up a nctltion 
gislature to enable the corporation to appoint four-and-twenty 
died men, inhabitants within this city, who shall be called diQfirm 
city, to work and play the fire-engines witliin the same, upon all i 
and emergencies, when they shall be thereunto, required by the 
of the said engines, or the magistrates of the said city : and that 
firemen as a recompense and reward for that service, may by 
taw be excused and exempted from being elected and serving in 
of a constable, or being enlisted, or doing any duty in th(i militia i 
troop, or companies, in the said city, or doing any duty in any oi 
offices during their continuance as firemen aforesaid.” This 
passed by the assembly in September following, and th(^ duty of fir 
fined. The next notice of engines occurs ten years afterwards, i 
1748, whep the corporation “ ordered that one of the fire-engine 
city, of the second size, be removed to Montgomery's Ward of 
near Mr. Hardenbrooks ; and that a shed be built thereabouts at th 
of this corporation for the securing and keeping the same.” ] 
appears that several engines besides the two original ones wen 
use. The one just named was a different size (much smaller) tl 
first ordered. It is uncertain whether the additional ones were 
Mr. Turk, but probably not, since both large and small ones were 
from London for several years after this date. From the folio 
tract we find that several of the large fire-engines {the sixth size 
sham) belonged to the city. February 28, 174,9, “Ordered thj 
Vanhousand and Mr. Provost do take care to get a sufficient hoi 
for one of the large fire-engines, to be kept in some part of Hanovc 
^ the expense of this corporation, and that there be a convenier 
merein for hanging fifty buckets : and also ordered that there bo 
dred new fire buckets made for the use of this corporation with 
venient' speed.” 

May 8, 1752. “ Ordered that J acob Turk have liberty to pun 
small specuang trumpets for the use of this corporation,” i, e, for 
p^e of giving directions to firemen during confiagrations. June ^ 

ne large fire-engine, one small do. and two hand do.” ' 


were 


SiZ 


Chap. 8.] B^ore the War of Indf^endmce, 

Stoutenburgh, who was directed to take charge of them at a salary of 
thirty pounds ; and “ the late overseer, Mr. Jacobus Turk, [was ordered 
to] deliver up to the said Jacobus Stoutenburgh, the said several fire-en- 
gines.” November 19, 17G2. The firemen were directcal to w.(‘ar leather 
when on duty. May 7, 1772. An engine was ordtu-ed to be j>ro- 
vided for the Out ward. July 10, 1772. Aldernum Gautitu' la’ul lad’orc 
this board an account of the cost of two fire-engines bedonging to Thomas 
Tillier: and Alderman Gautier is requested to purchaser the saiiu*.” 
temher 9, 1772. A committee wa.s authorized purcliascj out' other lirts 
engine of David Hunt.” The three engines last named wt*re probably 
from England, for at the time these machines were in the list of ordinary 
imported manufactures. 

It is not impossible that some engines were made in MassacliiiB<U tB about 
the time of the Revolutionary war. In October 17G7, the pt'ophj of Bos- 
ton, irritated by tlie exactions and di.sgusted with tlu‘ parasites of mo- 
narchy, determined in a town meeting to ceasii importing from tlui Jlst of 
December following, nunKU'ous articles of British mannfac.ture, among 
which were enumerated anchors, nails, pewter-ware, clotliiug, hats, car- 
riages, cordage, furniture, and Jire-engmes, And in March 17()8, th<‘ As- 
sembly resolved, that this house will, hy all pnuhmt means, t'ndcavonr 
to discountenance the use of foreign .sup(‘rfluiti(‘s, and to (mcouragi^ the 
manufactures of this province;” lumct' it is reasonahh‘ to suppos<‘ that (ui- 
gines cither had been, or then cotild b<^ mach^ in th<' provinca* ; otherwises 
it is not likely that their importation would have* Ix'en d<‘nouuc<‘d. As 
an article of trade they were, from the* limited nuinhe*!* rc(juire‘d, Inslgnilb 
cant — they had no connection with Inxtiry ; and so lar irom be‘lng ** su- 
perfluities,” they vfiw. nec<‘ssarY to protect projHirty of the ptmplc* 
from destruction — the^y would tFuirefore \m among ifut last things that a 
people would cease to import whilti unable to umke them. 

It was not till several years aft<‘r the close of the struggle? for indepem- 
denco that hre-englues were made in this atid some other citie‘s. Ihey 
havei however, long been made here and in Philade‘Iphia, iioston, &c. 
Small engines were formerly used, but they have gnidnally eli.sap|)<*ar<Hl, 
the manufacturers confining themselves principally to tin? large'st. i'iu* ust? 
of buckets has also been discontinued on account of the* (‘xte^nsive* applica- 
tion of hose. Village engines arc Honu'timcH conKtruct<*d with ningle cw 
linders and double acting, but being niore liabh* to derang(*m<*ut, they are 
not extensively used. Rotary engin(?H an? also made in Konn* partii of 
Now-England, on the princijdc} of Bramah and DiekemsotdH pumps, (No. 
138.) As ordinary fire-engm<*a an? uuu'oly ror(?lng ptjmpH, arranged in 
carriages and furnished with flexible piptjs ; it is nt>t t(i ia* Hupponed that 
any radical improvem<uit upon them can be? (?Hecri‘<L 'J'ln? pump itmdf 
is, perhaps, not capsible of any material clmnge for tlu* hettt?r,* and it is af 
present essentially the same as when uk(?<I i>y (h(‘sihma and H<*ron in 
Egypt, twenty centun<?H ago: hence fir(s-c?ngiut‘B, since? host? pipes anel air 
chambers were introdticeul, have difiered fhnn c*ach oUu‘r ehiclly in tin* 
carriage's and in the? arrangerrujut and dirminsions the? pumps— an the- 
position of the cylindtu's, rnodt's of working tlu? pistons, bore and dlreedon 
of the passages for x\m water, &:c. In these rt'specta tlu*re is not much 
difference bctwe<?n Kun»pean and American engint's; mu* in tin* vurieti(?s 
of the latter. Those rruule in Philadelphia ratlu'r r(‘K(’mble Freiuth and 
German engines, in working tin? pumps at th<? ends of the? carriage's, iiml 
witliout the sectors ami chains; whih? N(?W” York enginen are pri'clselv 
the same as Newsharrds, both in the arrangmiient of tin* pumps and moda 
of working dmm, with the exception of' tr(;ddl(*s, which are not mmL 



344 


PhUadelrMa Fire-Engine. [] 


No. 153 represents an external view of a Philadelphia en| 
pumps and ai^ vessel are arranged as in No. 150, but the piston 
SctS directly to the bent lever, which is moved by a doub 
Sles or staves. Anumber of men stand upon each end of the ci, 
wTrk the encdne by the staves nearest to them, while othem on th 
IntTheir s°treng& to the staves at the extremities of the lev, 
SJs turn upon studs at the centre of the cross bars, and whi 
operation, fall into clasps that retain them m their places. ] 
is made to convey the stream either from the lower or from t 
part of the air chamber. Hose companies supply the engines wi 
The firemen, as in all American cities, arc volunteers, and gener 
sist of young tradesmen and merchants clerks, &c. Ihey are 
from militia and jury duty. Each naember pays a certain sui 
admission, and a small annual subscription. A fine is also impoi 
anyone appearing on duty without his appropriate dress (see figu 
cut) as well for being absent. A generous spirit of rivalry exis 
the different companies, which induces them to keep their eng 
high state of worlang order. 



No. 153. External View of a rhiUulolpUia Firo-ftnghHj. 

No. 154 exhibits a New-York engine. The jHimp cylinderi 
ranged and worked precisely as shown in the Htu*.tion N'o. 150 
SIX and a half inches diameter, and the pistons Imve a strokt 
inches. Previous to the formation of hose companies, each en| 
provided with a reel of hose ; this, when not in use, was covei 
case of varnished cloth or leather. Most of the engines still lia 
which are carried as shown in the cut. The stream of water is in 
token from the top of the air chambers, which restnnble one at 
This practice is bad, because in most emm that p?irt of the hose 
the goose-neck and the fire descends to the*, ground, and lienee t! 

in the pipe is unnecessarily diverted from its course and a corres 
diminut-.inn nt i ^ i 


New- York Fire-Engine. 
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retard the issue of the liquid more than others which discharge it from 
the top, because the water has to descend in them lu^irly pt'rpeiulicu- 
larly to enter the orifice of the pipe, and its direction is tluni precisely 
reversed, for it has to rise perpendicularly in >rder to escaptn 



No. 154. Now- York (.’ity Firo'ongino. 

In exterior decoration American (‘ngines an' probably nnnvaled ; the 
firemen take prides in ornamcinting tluiir respt'ctivij machines, and Itcnc© 
most of them are finished in the most supcuh and <‘X|)enHivt3 ttmiiwr. The 
whole of the iron work, except thts tire of the wlnuds, is rnHjmmtly plat(»d 
with silver; every part formed of brass is brought to tht3 highest polish; 
and while all the wood work, including the wheiils, is i^h^gantly paintiul 
and gilded, the backs, fronts, and panels of tlui cast^ that (mclosi'H tlie 
air chamber and pumps, axe enriched with historical and <mil)h‘matical 
paintings and carved work, by the first artists. 

A new organization of the fire department of New-York lias long btam 
in contemplation, and the project ot a law to that c'ffm’t, is at this time 
under the consideration of the legislature of tlus state, aiul of* tlu3 (uirpo- 
ration of the city. 

The most valuable contribution of American rm‘chani<nanH to the means 
of extinguishing fires is the riveted hose, invmitml by IS<‘ll(‘rs uiitl fhuuuH'k 
of Philad(‘lphia. It is too wi^ll known both lim-ei and in Europe to n*- 
quire particular descrijition. No modern apparatus is comphut^ without it. 

The Mcchankjs’ Institute of New-York offexed a goltl nualal (in Jiimiary 
1840) for the best plan of a Steam fire-tmgim'.. Tlui imblieation of the 
notice was very limited, and but two or three plans sent in. Of 

these, one by Mr. En(;H.son,a European englnem* now in this country, re- 
ceived the prize. No. \ ftf> ri'presents a view of th<3 engin<'. No. 15G a 
longitudinal section of tlui lioiltir, steam engine, ])um[», air v(‘ss(‘I and bhtw- 
ing apparatus. No. ir>7, plan. No. 158, a transvixse seetlcm of tlie lahler 
through the farnac(3 and steam chamlxjr. No. 150, tin* h'vor or hamlle 
for working the blowing apparatus by liand. Th<^ following is the inven- 
mr’s description, in which the same ietters of refisrence deiuitt! the gam© 
parts in all the figures. 
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SUam Fire-Engine. 


“ A the double acting force pump, cast of gun metal, firmly se 
carnWramebyfour strong brackets cast on its sides, a 

vXes! Suction passages leading to the cylinder, u 

iSaLing be suction valves, and to which chamber are conne 
to which the hose is attached by screws in the 
ner and closed by the ordinary screw cap. The dehvermg 
p^sages at the top of the cylinder are similar to those just me 




Chap. 8.] 


Steam Ftre-Engine. 


C the boiler, constructed on the principle of the ordinary locomotive 
boiler, and containing 27 tubes of inch diameter. The toj) of the sitnim- 
chamber and the horizontal part of the boiler should be covered witli wood, 
prevent the radiation of heat, c the fire door. the ash pan. 


QOOOO 

ajouo 



■’88888 







c ^ -^0 


a box attacluid to end of hoiI(ir, inclosing tint exit, of the tubes. The 
hot air from the tubes received by thin box is pa«s(‘d oil’ through smoke 
pipe c''', which is carried through D 1), making a ludf spiral turn romal 
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SCeam Fire-Engine. 


“E a cvlindrical box atucbed to die top of d.o steam cha« 
mff a’comcal steam valve c, and also salety valve e' 
handle connected to the steam valve, lor adnutt.ng or shutting 


induction pipe.for conv^ing the s^ 


ner as 


” F"the steam cylinder, provided with steam passages and j 
the usual construction, and secured to the carnag,; Irurue m tl 
the force pump. /Eduction pipe tor carrying oil the s 
)here P Piston, provided with niefallie ^ juic king, 
plan. Piston rod of steel, attached to the piston rod 

^’^G^a'TroTrhead°of wrought iron, into which both piston rodt 
and secured by keys. _ Tappet rod attache,.! to the crossIn 


atmosphere, f 


ing the slide valve of the steam cyhiuler by mean.s of mus , 
may be placed at any position on the tapp.-l rod. 


m two boiinngM iii. 
oiul thoroof luivlng f 


H. Spindle of wrought iron, wor, 
cover of the steam cylinder, tlu^ one , , ,, 

a lever, moved or struck ultima, ttdy by imtH /r . // a !« 

the middle part of the spindlo 11, for inovijig the valvi 

L Force pump for supplying tin* boiler, rooHirurted 
valves on the ordinary plan ; Uu^ suction pipe thereof le 
with the valve chamber of tlui water eyliiuler, and l!u^ deliv 
be connected to the horizontal part of the boiler. PlungiT t»i 
to be made of gun metal or copjxu*, aial attuehed to the rro.H.b 

J. Blowing apparatus, couHisting of a scpnire Winiden he 
eled sides, in winch is made to work a s<piare |ni4toii mu 
joined to the sides of said box by bait her. C hrtndar hole? 
through the sides, for admitting atmospherit: ?dr into the box 
being covered on the insuht by pi(X!<*H (»f hatrher t»r Inilia rii 
act as valves, y', are similar hoh's through the top of tiai |«i| 
off the air at each stroke of pisttui, inbi 

K. Receiver or regulator, which luw a inoviddi^ top in, 
joined by leather to the upp(U* part, of fht* box ; a tidii i^lieet 
attached thereto, for keeping up a eertiun roinpr<^?i]Hiiiii of air 
lator. Box or passage madt^ (»f slu’et iron, iiifnelieil in 
apparatus, and having an open (auniiiunieation with the reg 
to this passage is connected a corulnctiiig pipe, m iiinrked bv 
in No. 156, for conveying the air frtun tln^ reeriver into the joi 
the furnace of the boiler at ; this canulurting jiipe pa.nne.'i 
side of the carriage frame on eitlu^r aidin 

L. L, Two parallel iron rods, u whieli the ptsloii of f|iit 

paratus is attached : these rods work through bnis.^ei - 

may be attached to the crosshe Jul Cl, by key.H 14 1 f, Ill* 
ends of the crosshcad for admitting the*4« rodn iiro 

low a^free movement wlumever It li dej^imble to work il«f li 
ratrts independently of thti (mgina. 

M. Spindle of wrought iron, pliicinl iind wi 

bearings fixed under the earniige fniiiit* : to tldn lipimilfi »« 
crank levers TTt, wz, which by nicuns of two 

motion to the piston rod.s L, L, by iiHontng fltn hm»C m", 
eyes at the ends of the said pt.Htou rods, 

N. Crank lever, fixed at the (uid of spindle M, wlmdi l.y 
Crank pin, fixed in the carriiiio* wheel, aod iilse* 


O. 


zm 


Cliap. 8.] Fwe Escapes. 

“A pin n is fixed in lever N, placed at sucli distance from the centre of 
spindle M, that it will fit the hole of the lever shown in No. 159, whilst 

receives the end of the spindle M. Whenever the blowing apparatus 
is to be worked by the engine or by manual force, the connecting rod P 
should be detached by means of the lock at jp. The carriagtj franuj should 
be made of oak, and plated with iron all over the outside and t(>]» ; the 
top plate to have small recesses, to meet the brackets of the (^ylindtu's, us 
shown in the drawing. The lock of the carriage, axles, and s}>ring.s to be 
made as usual, only differing by having the large springs suspended hehu/ 
the axle. The carriage wheels to be constructed on the suspension prin- 
ciple ; spokes and rim to bo made of wrought iron, and vtiry ligiit. 

The principal object of a steam fire-engine being that of not dej)ending 
on the power or diligence of a largo number of men, one or two horses 
should always be kept in an adjoining stable for its trans})ortation. The 
fire grate and flues should be kept very clean, with dry shavings, wood and 
coke, carefully laid in tlie furnace ready for ignition ; and a torch should 
always be at hand to ignite the fuel at a monnmt's notice. To this fire- 
engine establishment the word of fire should bo givcm, without interme- 
diate orders: the horse.s being put to, the rod attacluid connecting the car- 
riage wheel to the bellows, and the fuel ignited, the engine may on all or- 
dinary occasions be at its destination, and in full operation in ten minute.s/' 

Attempts to supersede fire-engines w(u-e foriiHU-Iy common. Zaebary 
Greyl is said to be the first who, in modern time.s, <h‘vis(‘d a substituU*. 
This consisted of a close wooden vcisse.l or i)a,rnd, containing a considera- 
ble quantity of water, and in the centre a small iron or tin v.im^ full of gun- 
powder: from this case a tube was continued through tlu^ side or head of 
the barrel, and was filhul with a composition that readily ignited. When 
a room was on fire, one of these machines was thrown or conveycul into 
it, and tlie powder exploding dispersed the water in the outtu* case in 
every direction, and instantly extinguished the flames although raging 
with violence a moment before. In 1723, Godfrt^y, an English cluuniHt, 
copied this device, and impregnated the water with an “ antiphlogistic'^ 
substance. Ho named his machines “water bombs." In the yc^ar 1734, 
the States of Sweden offered a premium of twenty thousand crowns for the 
best invention of stopping the progress of fires; upon which M, Fuc:hes, a 
German chemist, introduced an apparatus of the same kind. Similar de- 
vices have been brought forward in more recent days ; btit alu^r iimking 
a noise for a time, they have passed into oblivion. (S<»e London Maga- 
zine for 1760 and 1761.) 

Among the devices of modern times for securing buildings from fire, may 
be mentioned the plan of Dr. Hales, of covering the floors with a layer 
of earth ; and that adopted by Harley in 1775, of nailing ovt»r joists, floors, 
stairs, partitions, &cc. sheet iron or tin platm To increast^ the of 

fire-engines, the author of this work devised in 1817, and put in practice 
at Paterson, New .Tersely, in 1820, the plan of fixing ptirforutcul copper 
pipes over or along the ceilings of each floor of a factory or otlujr build 
mgs, and connecting thorn with others on the outside, or at a short dis 
tance from the walls, so that the hose of a fire-engine could be tea 
dily united by screws; but the plan had been previously devidopiMl by Sir 
W. Congreve. It has recently been brought before x\h) public as a new 
invention. 

Of the 
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Cottf^yte Feu* 


Si'LdSI.“*u oxmi../ Avuiag niein. n, jccomplisk tl 
exceedingly natural that modern mventors should hit upon si 
vancL to°e^ect the other. In the cuts to the old German 1 
Ve-etius, to which we have so often referred, there are lad, 
and'leather, in great variety, with hooks at the ends which i 
by hand or an engine, were designed to catch hold of the corr 
of the walls or windows— folding ladders of wood and mota 
sistinff of numerous pieces screwed into each other by the pe 
V-. , 11 £»l«trnfinn • Others 'Wltll roJ] 


inm till he reached the required elevation ; 
upper ends to facilitate their elevation by rearing them agrn 
of the walls— baskets or chests containing several persons ra 
dicularly on a movable frame by means of a screw below, 
out several hollow frames or tubes contained within each oth, 
of a telescope, whose united length reached to the top of t 
tacked — sometimes the men were elevated in a basket s' 
the long end of a lever or swape. Several combinations of thi 
or jointed parallel bars are also figured— one of these movi 
j^uised a large box containing soldiers, and is identics 
escape described in volume xxxi of the Transactions of the 
ciety of Arts. 

Anciently the authors of accidental fires were punished ii 
to the degree of negligence that occasioned them ; and thej 
pelled to repair to the extent of their means, the damage J 
neighbors. A law of this kind was instituted by Moses, 
imitation of a similar one in force among the Egyptians. 0i 
tive measures consisted in the establishment of watchmen, w 
was to arrest thieves and incendiaries, and to give alarm in 
From the earliest days, those who desigruidly fired huildings 
death. A very ancient custom which related to th(^ prevtuit 
is still partially kept up in Europe, although tluj design of it 
is almost forgotten, viz : the ringing of town bells aliout eigl 
the evening, as a signal for the inhabitants to put out tlunr 
together the fire on their hearths, and cover it with an instrini 
a curfew ; a corruption of couvrefew^ and he; nee the fjviming | 
known as ‘‘the curfew hell.” It has been suppostul tluit ihtj c 
nated with William the Conqueror, but it prevuihul over Eure 
fore his time, and was a very beneficial one, not only in c,onstai 
ing the people to guard against fire, but iu(llcatiiig lo them tin 
of retiring to rest j for neither clocks nor watches were then 
in the absence of the sun they had no device for nuuisuring ti 
the Great, who measured time by candles,® ordered the ini 
Oxford to cover their fires on the ringing of the bell at carfax < 
The instrument was rnade of iron or copper. Its general fa 
understood by supposing a common cauldron turiMHl upside 
divided perpendicularly through the centre; one half being fur 
a handle riveted to it would be a couvre ftm. Wlien used it 
Oyer the ashes with the open side close to tiie back of the he 
Diet. Trevouxy Hone’s Every Day Book, voL i. 243 , and Sh 
Romeo and Juliet, Act iv, scene 4-.) 
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Chap. 8.] Andmt Laws re^mimg Fires, $f I 

against incendiaries, and night watchmen wore <>nh*red to lie 
in every town and city. In 1429 another act dcclart'cl, ** If any flireuieo 
by casting bills to burn a house, money he not laid in a certam yime, 
and after do burn the house, such burning shall Ins luljtitlgeti hi|.;h irru- 
son.'^ Beckman says that regulations respecting fires were iu 

Frankfort in 1460. In 1468 straw thatch was I'orbidilen, and iu 147 4 
shingle roofs were proliibited. Tlie first gtuienil order n'sperfiiig fres in 
Saxony are dated 1521, those fir Dresden in 1529, an<l there one re>r 
pecting buildings in Augsburg, dated 1447. The following preaiidiie tti im 
act passed in the 37th year of Hoiu*y VIIL by whlcii thorn' fount! guthy i‘f 
the crimes enumerated, were to sufltu* “ the pains of death,” is iutere^iftng in 
more respects than one. “ Where divnu-s and sundry nialiciouH anti «*nvi- 
ous persons, being men of evil pervt'rst' dispositions, itinl setluced by the 
instigation of the devil, and minding flu* hurt, undoing mid iiniioverif^h- 
ment of divers of the kings true and fidthful subjt'cts, as ('nenues ft> tli«! 
commonwealth of this realm, ami as no true and obodit'ut sulyeets uiifn 
the kings majesty, of their malicious and wicktHl minds, huvti of late in* 
vented and practised a new damnable kind of vice, <lispleii-Hurt» iiihI 
damnifying of the kings true sulyhicts ami the^ conmnuiweahli ot’ this 
realm, as in secret burning of frames of timlu'r, prt'parod ami made by tho 
owners thereof, ready to be set up and t'diliod f'or houst'S : cutting. «»ht of 
heads and dams of pools, motes, sti'w.s uml .st»v<'nd waters : cutting uf 
conduit-heads, or conduit-pipc's : buraiug of wains ami carta hnolrn with 
coals or other goods ; burning of htaips of \voo<l, cut, follod ami prr|*armi 
for making coals : cutting out of Ixaists tongues : cutting off tin* mtrs of 
the kings subjects : liarking of apph* trees, pear trees, aUil othi’f fruit 
trees; and divers otlun* like kinds of miHtu'abie olh'uces, to tlm grtmt dw* 
pleasure of Almighty God ami of the kings nuij<*«tj,” ifcc. {Htatuf cs itl 
large.) 

The crime of arson was rife In old Homo, and it in singuliir that tiui 
mode of pumshmg those found guilty of it, m among tim immerotm ancient 
customs that have been retained by Roman Catholics in tlnhr reliidotm 
institutions. Ihe tuniea molestu <n the Romans was a gariucut math’' of 
paper, flax, or tow, and smeared with pitch, bittiim'ii or wuijc, in which 
incendiaries were burnt; and hence arose* the ptumliar dri's-i worn by fh„ 
victims m those horrible, those dmnoniamd ** Acin of fdth !” the Auio iki 
-Fi?, of Italian, Spanish, and Portugiu'se impuHitions, (to which ihc 
m Smithfield and other parts of England may be udilotld iirt i, m m iiirti 
the order of justice was c.ompleteIy rever.se<l— the Mufler«*w"boiui: fho mu*,^ 
cents, and the court and judges the real crimiuali. 
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Pressure Engi»^s. 


CHAPTER IX. 


» Of limited appli«tion-Are mmUfieai.on. of B.mmg a».l In,, 

PttEsstmE ENO N : „ pr.'«.ttri. I'l.B-x*' .le.eriUwl l.y riiiiia- 

pumps— Two kind P ® ,^_M<>tivo proasutfl onK*"-’. --Thosn oshil.H a mn\ t 

fromBelidor-Another by .pplkMio... of « «>>d eyl,.,.lor..Ca„«,, 

iXITgno“ nt of tho steam ongiao-Seerot of making i,..pt...o«.o»,. m ,li« n,(* -Knl, 

and l kwright-Prossuro ongine. might hnvo Imon au.l. n.a ddo „ 

derived from a disordered pump-Arehimedrs-ilrro.. • I ••«...».« I orUtdo o„r. : 
“Gardens and Drawing-rooms, in hot wcailmr-Thoir ..,.r..u.,„ gave ns. a «rn 
Z engines-Pressuro ongine at Chomniu-Aimthor .,f Her.,., f.omta, 

of Wirtz. 


Pressure engines, named l.y th.i I- r.-md. ,lWt.«rg ,) m 
form an interesting variety of l.y.lrauh.- dovin-n htdonmi.t; to 
division of tlie subject. They eonsist <.i ^vo,•k,„l; fylmd.-ri. 
and pistons, and rcaembltt forol.ig pumi'-* »> «be.r .•oniirurl... 

from them in their operation ; tli.i piston-^ »“t Ue.i.jt moved ii; 

nal force applied to them through cTimkr., evern. &e, Imi In 
or pressure of a column of water ueto.g direetty upo,, or »; 
Pressure engines arc not vt'ry eommun. beeaieie they are 

cable to particular looatioii.s — Hiu-h uh rtflunl a jiuiiitlt!*' ?iii|»|t|y 
the motive column; but w]uu*<*v<‘r refu^a*. uiipnrr, ^inlf or orli* 
be obtained from a suincitnil (‘h^yatims. nurli water may In* 
quantity of fresh by the,se rnaclunri^. 

In some formsS pressure en^nues u|qi*ntr raflier^ ftifiipliriiii* 
analyzed, tho principle of their uettott iui«l i4%^|*f^riifiefi v 

gxmple I-— —If two wiili 

ed and balanced at the ends of a Hcule iiiifl it nttmim be < 

one of them, that one will pnqHUiderafr* aiid ili< 

its contents will bo raineef, and to a h»n|,^lii ii» iIp'* 4*n 

former; but when it is reijuired ritiHs* wiiirr sii lliw fiiiintier 
tion that exceeds the distance throui^h wlneli tlo^ 
fall ; then the capacity of the lattt^r is iiiid il li itiifw 

to the fulcrum or centnj on which thr* ttirtm, m iti ilic 

losing bucket, page GO:- — It is vir!nally manv priinniile 
ployed in pressure engines; tht^ U |irtfirjpiilly in il 

performing tho operation. Irmtcad tif vt’ssfds »ii*qiciiiltn| w 
solid pistons, moving in cylindfU's. iirr by rods or < 

ends of a beam, or to t,lH‘ fmds of a rortl 0 %'cr 11 |nill«y# 

pressure of a longer or htsivicr cftliifiin of winter rc!4fiii|( 
forces it down, and thereby raiHcs iltti afid wdfii il ll 

shorter column reposing upon if. 

By referring to the IGt.h illustratioii i.»ii pm/r i»l, k he a 
if a cylinder extended from B to tho ft ip t*f ftic vmrfu Z, m 


oiston like the nnner box <if 
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an increase of friction in tlie passage of the }vxstou.« Aiul li ninjihcr cylm- 
der extended from F to the bottom of this pit at (>, uiul a s.-lul p..si,m fit- 
ted to it were used instead of the bucket A, with a ciiiitin am i at i n mt 
tom to allow the water to escape ; the appanitus woiihl a pres- 

sure engine, altliough the principle of the niotive part oi it t iit»! w\i 
been essentially changed. The cylinders in this exinnplt! t pt i urm 
the part of the buckets A B; they might be consuhnnHl m peruiuiifiit or 
fixed, and very long buckets with movable bottoms, e. the Vk lu i 

by ascending and descending in them received and dischiirgefi tlnnr roiij 
tents. And as with the buckets A and B, the quantity of water e^peiidr4 
from the motive or descending column would be propmiionate in fli«» di- 
mensions of the other and the elevation to which it. wiii rawiHh Prosi4iire 
engines may thcrcfoi'O be considered as a peculuir modification cd flst^ 
gaming and losing bucket machines, and as a combination id’ wiib 

atmospheric and forcing ])umps. They atlrnir, of various forms a<‘ct»rdiiig 
to the location in which they arc used and th<^ obj(*c.ts to InMU’comphshiai 
by them. As liquids press (npially in all diri'ctlons, tin'- cyluidcrH iiutv 
placed in any position — horizontal, inclined, or v<u*ticul. Sonnuimos ii 
pressure engine consists of a single cylindcu* with its appropriate pip«*H and 
valves like a double acting pump. The water to he raisetl tuiters at tnm 
side of the piston, and the motive column at tin' otlnu* ; l>ut more eem» 
monly a distinct cylinder and ])iston nnauvu's tin' impulse oi tin' inotivi^ 
column, and in order to transmit it to tin* otlu'r, tin* two plstniei art* atum' 
times connected to the same rod as in No. Idl—at oilier timeri ft* t*pp<e 
site ends of a vibrating beam as in No. ,I ‘-so that whtft*^ oin* evihnier 
and its apparatus act as a pump to raist* water, the other ia 
employed to work it. In this ri^Hpm-t pre.HSure engine?i may hi* emmideretl 
rather as devices for (uiminunhuiting nnuioti to machlrn'H proptu* for minifig 
water, than as the lat.U'r, and tlu^ arc mmwilmvn usinl m propelfi'M of 
other machines, but iu whatever light tliey may Ini vitnved, they lire loo 
interesting to be omitted. 

There are two kinds of pressure engines, but they difibr from eiich 
other only in that part which receives the imindst^ of the motivi^ r<4umti 
and transmits it to the other. In one, a solid hotly (a pirittui) m ton*d Ibr 
that purpose — ^in the other, a volume of air; hut while a slight vaibitinn 
thus caused in the two machines, tlie essemial f ‘aturt's, m well loi the 
moving principle of both remains the sauun Piston pres^mre f‘nidnv^ tire 
said to have been invented in the 18th tamtury liy M, //or//, a Clmimn «*ii’ 
gineer.^ It is more probalilo that he irnprovt'tl tht‘m <mly, for thi'y rer* 
tainly were known much earlier : still it may be rliat wiw Ignoritnl uf 
their previous use, and was l(*d to their reinvmititui by his efibrii In rai«e 
water from the Hungarian mines, in which he en*ettnl several jirt^inun^ 
machines on the principle of Ht^roifs fountain : the transition from iht'i^e 
to the other was easy and natural, and may have resultetl from hii eiiih'ie 
vours to avoid a defect to which tint former art^ subject, vk: the nhiorp 
tion of the air by the water. About A. 1>, 1739, an improved form of 
pressure engines was devised, and introduced into iomo mint*?i in hb iiiin^ 
by Belidor, which he has described in his Architecture Hydrimliiitn*. Koiii« 
writers have considered him the autlior of piston |)ressure «*nidnf*?i, Inii 

Pumpg in certain locationH are sonietimes worked in thiu niumier : the or 

rods being loaded witli weights Huffieient to depress them, are rnisrd by n titu kei ©f 
water suspended at the opposite end of the beam, wlfif.h when it rciiche^i ihe hrtiiinii ila 
contents are discharged, like the bucket A in No. Hi, I) in No. 17, or ii in No Hi'J 

^ “Machine k coloimo dhiau. (Human : Wasser Haulene, ftliirhiint ; iwr 

M. Hoell, premier Machiiiisie d’L'Impf'ralrice.” Arts et Melieri*^. VAn 
Les Mines. Folio ed., Paris 1779, page 1449 . C^lnarto ed. torn, xviii, p I3|, 
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tween C and the lower part of A, upon which the piston descends in the 
cylinder and the foul water in C escapes through the lower end of A and 
runs to waste. By the time the piston reaches the bottom of the cylinder, 
the latter is refilled with water by the pressure of the atmosphere, as in a 
common pump ; and the contents of G have escaped through an orifice 
in its bottom, which is closed by a valve — this valve being opened by 
a projecting pin upon which the vessel descended, as shown in the figure. 
As soon as G is emptied, the weight on the opposite end of the rod prepon- 
derates, and turns the plug of the cock into its former position ; and thus 
the play of the machine is continued without intermissioh. The operation 
of filling the cylinder through the funnel, is required only at the first, like 
the priming of a new pump. 

The origin of this machine is uncertain. It does not appear to have 
been invented by Fludd himself, but is inserted among others, which he 
copied from older authors ; and such as he examined abroad. As he tra- 
veled in Germany and has described some of the hydraulic machines 
used in the mines there, (see one figured oil page 219*,) it is probable that 
he derived a knowledge of it in that country. It possesses considerable 
interest — it is self acting, and that by a very simple device — ^it shows an old 
application of the three-way cock — ^it exhibits the application of refuse or 
putrid water, to raise fresh, and in a way somewhat similar to one re- 
cently proposed — and it is the oldest piston pressure engine known. 

The next figure from Belidor, shows a great improvement on the last, 
so much so, that in some respects it may be considered a new machine. 

A, conveys the descending 
column from its source to the 
three-way cock F ; to one of 
the openings of which it is 
united. This cock is con- 
nected, at another opening, 
to the horizontal cylinder G, 
whose axis coincides with 
that of a smaller one D. Both 
cylinders are of the same 
length ; and their pistons are 
attached to a common rod, as 
represented. Two valves are 
placed in the ascending pipe 
B — one below, the other 
No. 161. Pressure Engine from Belidor. A. D. 1739. above its junction with the 

cylinder D. The horizontal 
pipe H connects B and D with the third opening of the cock. By turning 
the plug of this cock, a communication is opened alternately between each 
cylinder and the water in A. Thus when the water rushes into C, it 
drives the piston before it to the extremity of the cylinder, and conse- 
quently the water that was previously in D is forced up the ascending 
pipe B ; then the communication between A and C is cut off, (by turn- 
ing the cock) and that between A and D is opened, when the ^ pistons 
are moved back towards F by the pressure of the column against the 
smaller piston — the water previously in C escaping through an opening 
shown in front of the cock and runs to waste, while that which enters D 
is necessarily forced up B at the next stroke of the pistons. The cock 
r*r\nnf>r.ff^A to the middle of the piston 
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Suppose the water in A has a perpendicular fall of thirty-four or thirt; 
five feet, and it were required to raise a portion of it to an elevation ( 
seventy feet above F ; it will be apparent that if both pistons were < 
tlie same diameter, such an object could not be accomplished by this m 
chine — for both cylinders would virtually be but one — and so would tl 
pistons ; and the pressure of the column on both sides of the latter wou 
be equal. A column of water thirty-five feet high presses on the base th 
sustains it with a force of 151bs. on every superficial inch ; and one i 
seventy feet high,, with a force of 301bs. on every inch — hence without r 
garding the friction to be overcome, which arises from the rubbing of tl 
pistons ; from the passage of the water through the pipes : and from the n 
cessary apparatus to render the machine self-acting — it is obvious in the ca 
supposed that the area of the piston in C must be more than double th 
in D, or no water could be discharged through B. Thus in all cases, t 
relative proportion between the area of the pistons, or diameter of the c 
linders, must be determined by the difference between the perpendicul 
height of the two columns. When the descending one passes through 
perpendicular space, greatly exceeding that of the ascending one, th 
the cylinder of the latter may be larger than that of the former : a small 
quantity of water in this case raising a larger one : it, however, descen 
like a small weight at the long end of a lever, through a greater space. 

In 1769 the London Society of Arts, awarded to Mr. Westgarth a p; 
mium of fifty guineas, for his invention of a pressure engine. It is d' 
cribed by the celebrated Smeaton, in vol. v, of their Transactions, as c 
of the greatest strokes of art in the hydraulic way, that has appeared sir 
the invention of the fire [steam] engine.^ ^ Several were erected 
Mr. W. in 1765, to raise water from lead mines in the north of Ei 
land. They were simple in their construction, and somewhat resembl 
the engines of Newcomen. They differed from those of Belidor in i 
position of the cylinder ; the introduction of a beam ; the substitution 
cylindrical valves in the place of cocks ; and using the motive column 
move the piston in one direction only. The cylinder of Westgarth’s 
gine was placed in a vertical position, the piston rod of which was s 
pended by a chain from the arched end of a “walking’’ or vibrating bea 
while the other end of the latter, projected over the mouth of the mine 
pit, and was connected (by a chain) to the rod of an atmospheric pu 
placed in the pit. This rod was loaded as in Newcomen’s engine, so 
to descend by its weight and thereby raise the piston of the pressure, 
gine when the column of water was not acting on the latter. Thus, wl 
the motive column of water was admitted into the cylinder, the pis 
was depressed, and the end of the beam also, to which it was connect 
consequently the pump rod and its sucker were raised, and with tl 
water from the mine. Then as soon as the piston reached the botton 
the cylinder, the motive column was cut off, by closing a valve ; an 
passage made for the escape of that within the cylinder, by opei 
another — upon which the loaded pump rod again preponderated — 
valve to admit the column on the piston of the pressure engine was a| 
opened, and the operation repeated as before. 

In another form these machines have been adopted, in favorable 1 
tions, as first movers of machinery, and when thus used, they exhil 
very striking resemblance to high pressure steam-engines. Indeed, 
elemental features of steam and pressure engines are the same, and 
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en^nes a piston is alternately pushed up and down in its cylinder by 
steam ; and by means of the rod to which the piston is secured, motion is 
communicated to a crank and fly-wheel, and through these to the machi- 
nery to be propelled : it is the same with pressure engines when used to 
move other machines, except that instead of the elastic vapor of water, a 
column of that liquid drives the pistons to and fro, as will be perceived 
bv an examination of the following figure. 



No. 162. Motive Pressure Engine. 

E represents the lower part of the pipe which conveys the water down 
from its source into the air chamber C, from the lower part of which it 
passes through a short tube and stop cock into the valve case, or “side 
pipe” D. This pipe is parallel with the working cylinder of the engine 
A, and rather longer ; it communicates with A through two passages for 
the admission of the water to act upon both sides of the piston. The ends 
of D are closed by stufiSng boxes, through which a rod in the direction of 
its axis is made to slide, and upon this rod are secured two plugs, shown 
in the cut, that fill the interior of the pipe like, pistons, and as the rod is 
raised or lowered, alternately open and close the passages into the cylin- 
der. Suppose the position of the various parts of the engine as indicated 
in the figure, and the stop-cock in the short tube that connects the “ side 
pipe” to the air vessel be opened, the water would then rush into the 
upper part of the cylinder A, as shown by the arrows, and by its statical 
pressure force down the piston ; while any water previously below the 
piston would escape through the lower passage into the side pipe (be- 
neath the plug) and run off to waste through the tube B, marked by dot- 
ted lines, and the circular orifices of which are also figured. When the 
piston has reached the bottom of the cylinder, the rod to which the plugs 
are attached is drawn down, so as to close the upper passage and open 
the lower one, upon which the water enters through the latter, and 
drives up the piston as before, the previous contents of the cylinder being 

f-'U T./'kiT /vU t* iTTk'niar ■narf riT fn/a cinA mtn 
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and closes tke passages into the cylinder is analogous to that of steam ( 
ffines, being effected by an eccentric on the crank shaft. It is omitt 
in the cut, that the essential features of the machine might appear me 

conspicuous. . , . , •, , t 

It is, obvious that engines of this kind may be employed to impart n 
tion to pumps or any other machinery. The intensity of the force tra 
mitted by them depends upon the perpendicular height of the moti 
column Ind the area of the piston. The use of the air vessel is, as in 1 
hydraulic ram and other machines, to break the force of the blow or C( 
cussion consequent on the sudden stoppage of the descending column 
closing the passages. Wherever the waste pipe B can descend thir 
five or thirty-six feet, the engine' may derive an additional power from 1 
vacuum thus kept up behind the piston, as in low-pressure steam-engin 
The application of this feature to pressure engines was included in 
English patent granted to John Luddock in February 1799. (Eepertc 
of Arts, vol. xi, pa^e 73.) • ^ 

The invention of pressure engines brought to light a neiv mode of e 
ploying water as a motive agent j; and also the means of applying it 
locations where it could not otherwise be used. When water moves 
under or overshot wheel, the inachinery to be propelled must be plac 
in the immediate vicinity — hence saw, grist, and fulling mills, &;c. x 
erected where the falling liquid flows ; and when steam is the movi 
force, the engines are located where the fluid is generated ; but with pr 
sure engines it is different, for the motive agent may be taken to the ii 
chine itself. In valleys or low lands, having no natural fall of water, 1 
where that liquid can be conveyed in tubes from a sufficient elevation, ( 
matter how distant the source may be,) such water, by these machin 
may be made to propel others. And by means of them the small lal 
often found on mountains, and water drawn from the heads of falls a 
rapids, may furnish power for numerous operations in neigliboring plai 
When cities are supplied from elevated sources, an additional reven 
might be derived from the force with which the liquid issuers from t 
tubes : the occupant of a house into which a lateral pipe from the ma,: 
is conveyed, might connect the pipe to a pressure engine, and there 
impart motion to lathes, or printing presses,- raise and lowv.v goods on t 
ferent stories ; press cotton, paper, books, &c. as by a steam-engine. I 
unlike the machine just named, a pressure engine is incKpensivt*, and si 
pie in its construction — it requires neither cliimiK^^ys, fnrna<n)s, nor loa 
of fuel; neither firemen nor engineers, nor is there any dang(;r of (ixp 
sions. It may be placed in the corner of a room, or be conc(niled nnd 
a counter or a table. It may be set in operation in a mommit, by openi 
a cock, and the instant the work is done, it may be stopped l)y Hlmtti; 
the same, and thus prevent the least waste of powor--*~and wluoi the wo 
is accomplished, the water can he used for all ordinary purposes as if ji 
dra\yn from the mains, for the engine might be consldtn-tul as me red}) 
continuation of the lateral tube. 

Pressure engines afford another illustration of the varitUy of purpos 
to which a 'piston cvncL cylinder may ho applied. Thcs(J wt^re proljably fii 
used in piston bellows ; next in the syringe ; stibsecpurntly in pumps < 
every variety ; and then in pressure and steam-engincm. The movi] 
piston is the nucleus or elemental part that gives efliciemey to tlunn all; ai 
the apparatus that surround it in some of thexn, are Ixut its anixmdao'f 
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world than it has yet acconipUshed. Il w *•> ' • 

elastic fluids can bo » i..-.; 

Those iuRonkms mvii who hr«t ymmu , 

pump, little thought that .niuhiar ,, 

Iven be motive engi.ws .o .Inv*- 
pump iu ancient Grcnu- or Ho, a.-, oy r ^ 
reveries that the mind cuynn-.^ 'i ‘ | . ...... 

that a machine similar ,o the one upon wi n b .« ■ _ ^ 

should bo devised ,o work wniioat hnano. ... 

of it. excited by the vapor ot a hodmit ! 

compared with whirl, the po«er -! the 

that should di-ive fler-ts ot galhe.. rhr.myn 
baiistm-propei (•.hari<.is ••«,! *...„ 5 

batclict, a tripcxl ov a varit^-^aial “ - 

as tboso worn by thi^ wmuI r^. 

the irna^nuatioiiH of the 

hadagUmp.se ef sucli a laarhuir aed h .4 fh. 
would 'in some future timif, whui» fb*^ h 

rally employed— how vehiuueiulv WHiihl i 

to send ii; in their days 1 And why »lid i- 

useful arts %vero negltHUotl iml 
professions the most dt'strurtivr mI Inin, us f* 

was a(5C0unted honorabh\ and lo’u« r • 

conflicts with ea<di oflim*'— a 
people, and it r<‘wardr<i fliton \>% 'i* '.-.- » ■ ^ 

The history of marldnr** f'-"- 

trates the proetwJ'jy wliirb ’nt.-ipb- 

to purpose.^, foreign t<» Ibr w hi* I# 

each a[)pli(tatiou opeiriii|| fbe Wsiy lor '<i diflrma 
vicc.s apparently iimtgnifieanr liavo Wc.«^s«r. 

and it is prohablo thai thern k in* umdinm-ml rj 

ever useless it may now appear* liul whiyli w-ill - 

These machines also teach nn Inwv tww % a.vo 

viz: by ohmmg emmmm rrmit^^mA Jip|.4yai»if ir.*- p^v.. 
by which they are imlueei!, iniitlier idijrt fi 
cal movement and mannf«tetnre*^"iin r « i. *■■■-■■ 

derangements of ardinary nniebine^, A**, 
that indicate the meims m pniiifir*? s’i'ir-.is,, ■■ 

Fulton ernployml slefinoenipni’-^ torn 
adopted circular saws ie< at.4 .i.r.r,:,..- 

their C()untry~—a peer bitrltcr in Hiigtiind, 
on the perpetual motion, a|ip!ird sniiio **l « 

and not only biuauiie one el fin* m*«l ffipnWsii -I e 

a place in the biography of enmieiiiiy n^ri.4 tm-t-. 

Nearly all mod«n'n improvieie^nfft and 
about iu a somewhat similar m’MHwr, mni ihr-r 
have bemi anticipaied by .Hffriui»»n ii,* ix-it 

engines had not yef Ifiam knowui : iliry nn/VA >U" * ' 
on a very comrinm rirciiirHi.aiio** cimfir. ?r4 wei. .-. 
one of these no longer retains w.aff*r m it.*- » j, .;.4,r ,■ - 
sary to priw it, by pouriiei in a »|n ^ - 

which thii Slicker mo Vos: il,ii^ ihr-e »•,.■' i-i - •.■ v;.-,- 

and consequeiilly mines ibr |«wrr »,r p-e,.e ^ ■ , .• 

soon as the water e«*a|ie*4 Ind^w ; fbn,j, s... 
pressure engimis aci—ilie bn-rr bi-ng ^ j, 
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water by it. How many ages have elapsed, and bow many million 
people bave witnessed tbis operation, without a useful idea having t 
derived from it ? And without any one thinking that valuable lessor 
science might be learnt from a disordered pump, or from the irreg 
movements of a pump handle 'I Those observing minds, however, 
are constantly on the alert for facts — like bees incessantly on the wing 
honey — would not now suffer even such an occurrence to pass unnotic 
nor would they hesitate to consider those unpleasant knocks w] 
hundreds of people (and the writer among them) have occasionally e: 
rienced from the unexpected descent of a heavy pump handle on t 
persons, and in some instances more unpleasant ones from its sudder 
cent — as admonitions to turn the experiment to advantage.. The sin 
rise of water which his body displaced in a bathing tub, was seized 
twinkling by the mathematician of Syracuse to solve a new and diffi 
problem ; yet the same thing had been previously witnessed for thous? 
of years, but no one ever thought of applying the result to any £ 
purpose. 

It perhaps may be a question whether the machines already descr: 
in this chapter were known to the engineers of antiquity, but there i 
room to doubt their acquaintance with another variety of pressure engi 
since we have obtained a knowledge of them from the Spiritalia of He 
whose name they still bear. It is obvious that a liquid may be forced 
of a vessel by pressing into the latter any other substance, no matter \ 
the nature of it may be, whether solid or fluid, liquid or aeriform : t 
the solid plunger or piston of a pump does not more effectually expel 
contents of the cylinder in which it moves, than the elastic fluid in a ! 
fountain drives out the aerated water 5 hence, if air be urged by the f 
sure of a liquid column, or by any other force, to occupy the interior 
vessel containing water, the liquid may be raised through a tube t( 
elevation equal to the force that moves it ; the air in this case perforr 
the part of pistons in the pressure engines already described ; and it 
fects are greater than can be produced by solid pistons, for the frictic 
these consumes a considerable portion of the motive force, so that £ 
lumn of water raised by them can never equal the one that raises 
whereas air, from its extreme mobility, receives and transmits the mor 
turn of the motive column undiminished to the other. 

The fountain of Heron is the oldest pressure engine known, and in 
volume of air is used as a substitute for a piston. It is not certain tb 
was invented by him, for it may have been an old device in his t 
and one which he thought wortliy of preservation, or of being made r 
extensively known, and therefore inserted an account of it in his b 
See No. 163. The two vessels .A B, of any shape, are made air t 
The top of the upper one is formed into a dish or basin ; in the centi 
which the jet pipe is inserted, its lower end extending to near the bo 
of A : a pipe C, whose upper orifice is soldered to the basin ext 
down to near the bottom of the lower vessel, either passing througl: 
top of B, as in the figure, or inserted at the side. Another pipe J) is 
nected to the top of B, and continued to the upper part of A. This 
conducts the air from B to A. Now suppose the vessel A filled 
water, through an aperture made for the purpose, and which is 
closed ; the object is to make this water ascend through the jet, and 
accomplished thus: — water is poured into the basin, and of course it 
down the pipe C into B. ; and as it rises in the latter, the air within ii 
cessarily compressed, and having no way to escape but up the pipe 
ascends into the upper part of A, where being pressed on the surfa^ 
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the .vater, die latter is compelled to IT 

in the cut. The water thus forced f ‘ n* 

io»n C i“ St lS*.nU,.,. ... .. 

he thus raised through a tuW. will '• 

clicular di.stanco helween the two otMi 
sous who are ignorant ol th,- i-on*tnn n..»> 
tains, the water in the hasm aS'penis >' ^ 

rkcairaM thn.ugh the j.-t. ^urli in not the t o . 
this machine wouhl Im a perpetual nu.mm. .. 
very like one. Some persons heguue.l _ 

possibility of indueing if to u..eend, have • 

lution of that problem by a Hiimlar itppatalus. 
as well confess that in our youth we were •.! n... » 
The younger I'litiy seems to have t.uUm im>> * ■ 
mistake respectiug a fountain heh.nitioir to toy 
Portable fountuitis of tins kind mu;hi '*e »■!■>}■>• •• 
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propriate appendages to flower gar.l. n*, mei > r. 
rooms. Tm» iraght hi* wiilris.'. i 

into a handsome column, whose pe.ieM.d ■ • « . r 
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heat nmi invigorate mir liroopiitK Bpiuu .iinpasime thm 
refreshing eoolness of unluinn ainxi the hiuiiO.g lieats nf 
summer; and if the Uipitii were perfume, I w iih o«.«i ><f ; 
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sirqply irmsrting tlia machine : or, the whtdo hr v 
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on fountains in the fifth hook.) 

This fountain has been nHtii<‘d a /«//» but. if n In I, iliaf 
tant discoveruis have bi^en made in rvery ai-tr. If n i 
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Pressure Engine at Chemnitz. 


[B 


distance between the upper and lower orifices of the pipe in wl 
motive column flows, shall be equal to the force required to raise tl 
to the proposed elevation, 


A pressure engine on the principle of Heron;s fountmn, erecte. 
■■ ■ to raise water from one of the mines in Hungary, 1 


Hoell in 1755, to raise . m, ^ 

been celebrated. In the vicinity of one of the shafts at Chemnitz^ 


hill upon which is a spring of water, one hundred and forty fee 

^ ^ A m^.: watGF than tha 


the mouth of the shaft. This spring furnishes more 
rises at the bottom of the mine, which is one hundred and lour fee 
the mouth of the shaft. The water in the mine is raised by means 
on the hill by an apparatus similar to the one figured in the annexi 
A represents a strong copper vessel eight feet and a halt high, i 
diameter, and two inches thick. A large cock marked 3 is insert 
the bottom, and a smaller one 2 near 
From this vessel a pipe D, two inchej 
meter, reaches down and is conne 
the top of the vessel B at the botton 
shaft. This vessel is smaller than th 
one, being six feet and a half high, fc 
diameter, and two inches thick, and 
same material as the other. A pipe 
inches diameter, rises from near the 
of B to the surface of the ground, v 
discharges the water. The pipe 0 « 
the water from the spring on the hi 
also four inches diameter, and desc 
near the bottom of A. It is furnishec 
cock 1. Water is admitted into B th 
cock 4, or a valve opening inwards 
closes when B is filed. The vessel A 
posed to be empty, or rather filled v 
and its two cocks shut. The cock 1 
opened, when the water rushing intc 
denses the air within it and the ] 
and this air pressing on the wate 
forces it up the pipe B. As soon as i 
to flow through B, the cock 1 is shu 
and 3 are opened, when the water 
discharged at 3. The cock or valvi 
bottom of B is opened, and the water i 
drives the air up D into A where it 
at 2. The operation is then repeated as before. 

If, when water ceases to run at E, the cock 2 be opened, bol 
and air rush out of it together, and with such violence that the 1 
by the generation of cold consequent on the sudden expansion of 
densed air, converted into hail or pellets of ice. This fact is g 
shown to strangers, who are usually invited to hold their hats in fro: 
cock so as to receive the blast; when the hail issues with such i 
as frequently to pierce the hats, like pistol bullets. This mode 
ducing ice was known to the marquis of Worcester, who refers to 
eighteenth proposition of his Century of Inventions, relating to an 

r'Tal ■fnTTnt’mn Tinlnmcr (yrAnf rtnirntifxr nr 



No. 164. Pressure Engine at 
Cbemnitz. 
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of tke coil is enlarged so as to form a scoop. When the machine, im- 
mersed in water as represented, is turned in the direction of the arrow, 
the water in the scoop, as the latter emerges, passes along the pipe driv- 
ing the air before it into G H, where it escapes. At the next revolution 
' both air and water enter the scoop ; the water is driven along the tube as 
before, but is separated from the first portion by a column of air of nearly 
equal length. By continuing the motion of the machine another portion 
of water and another of air will be introduced. The body of water in each 
coil will have both its ends horizontal, and the included air will be of 
about its natural density ; but as the diameters of the coils diminish to- 
wards the centre, the column of water which occupied a semicircle in the 
outer coil, will occupy more and more of the inner ones as they approach 
the centre Gr, till there will be a certain coil, of which it will occupy a 
complete turn. Hence it will occupy more than the entire space within 
this coil, and consequently the water will run back over the top of the 
succeeding coil, into the right hand side of the next one and push the 
water within it backwards and raise the other end. As soon as the water 
rises in the pipe G H, the escape of air is prevented when the scoop 
takes in its next quantity of water. Here, then, are two columns of water 
acting against each other by hydrostatic pressure, and the intervening co- 
lumn of air. They must compress the air between them, and the water 
and air columns will now be unequal. This will have a general tendency 
to keep the whole water back and cause it to be higher on the left or ris- 
ing side of each coil, than on the other. The excess of height will be just 
such as produces the compression of the air between that and the preced- 
ing column of water. This will go on increasing as the water mounts in 
H. Now at whatever height the water in H may be, it is evident that 
the air in the small column next to it will always be compressed with the 
weight of the water in H — an equal force must therefore be exerted by 
the water in the coils to support the column in H. This force is the sum 
of all the differences between the elevation of the inner ends of the water, 
in each coil above the outer- ends ; and the height to which the water will 
rise in H will be just equal to this sum. Dr. Gregory observes that the 
principles on which the theory of this machine depends are confessedly 
intricate ; but when judiciously constructed, it is very powerful and effec- 
tive in its operation. It has not been ascertained whether the helical or 
spiral form is best. Some of these machines were erected in Florence in 
1778. In 1784, one was made at Archangelsky, that raised a hogshead of 
water in a minute to an elevation of seventy-four feet, and through a pipe 
seven hundred and sixty feet long. See Gregory’s Mechanics, vol. ii. 

It perhaps may facilitate an understanding of this curious machine, by 
remarking that the pressure exerted by the column of water in one side of 
each coil is proportioned to its length, and that this pressure is transmit- 
ted, through the column of air between them, to that of the next : the com- 
bined force of both is then nlade to act, by the revolution of the tubes, 
upon the third column, and so on, till the accumulated force of them all 
is communicated to the water in H ; and hence the elevation to which 
water can be thus raised, can never exceed the sum of the altitudes of the 
liquid columns in the coils. 


END OE THE THIRD BOOK. 


BOOK IV. 


MACHINES_FOR RISING WATER, (CHIEFLY OF MODERN ORIGIN) 
INCLUDING EARLY APPLICATIONS OF STEAM FOR ^ 
THAT PURPOSE. 


CHAPTER I. 

Devic£s of the lower animals — Some animals aware that force is increased by the space through 
which a body moves— Birds drop shell fish from great elevations to break the shells— Death of .Eschylua 
—Combats between the males of sheep and goats— Military ram of the ancients— Water rams— Waves 
—Momentum acquired by running water— Examples— Whitehurst’s machine— Hydraulic ram of Mbut- 
golfier— “ Canne hydraulique” and its modifications. 


Of the machines appropriated to the fourth division of this work, (see 
page 8,) centrifugal pumps and a fev/ others have already been described. 
There remain to be noticed, the water ram, canne hydraulique, and de- 
vices for raising water by means of steam and other elastic fluids. 

If the various operations of the lower animals were investigated, a thou- 
sand devices that are practised by man would be met with, and probably 
a thousand more of which we yet know nothing. Even the means by which 
they defend themselves and secure their food or their prey, are calculated 
to impart useful information. Some live by stratagem, laying concealed 
till their unsuspecting victims approach within reach — others dig pitfalls 
to entrap them ; and others again fabricate nets to entangle them, and 
coat the threads with a glutinous substance resembling the birdlime of the 
fowler. Some species distill poison and slay their victims by infusing it 
into their blood ; while others, relying on their muscular energy, suffocate 
their prey in their embraces and crush both body and bones into a pulpy 
mass. The tortoise draws himself into his shell as into a fortress and bids 
defiance to his foes ; and the porcupine erects around his body an array of 
bayonets from which his enemies retire mth dread. The strength of the 
ox, the buffalo and rhinoceros is in their necks, and which they apply 
with resistless force to gore and toss their enemies. The elephant by his 
weight treads his foes to death ; and the horse by a kick inflicts a wound 
that is often as fatal as the bullet of a rifle ; the space through which his 
foot passes, adding force to the blow. 

There are numerous proofs of some of the lower animals being aware 
that the momentum of a moving body is increased by the space through 
which it falls. Of several species of birds which feed on shell fish, some, 
when unable to crush the shells with their bills, carry them up in the 
air, and let them drop that they may be broken by the fall. (The Athe- 
nian poet JEschylus, it is said, was killed by a tortoise that an eagle drop- 
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When the males of sheep or goats prepare to hutt, they always recede 
backwards to some distance j and then rushing impetuously forward, (ac- 
cumulating force as they go,) bring their foreheads in contact with a shock 
that sometimes proves fatal to both. The ancients, perhaps, from witness 
ing the battles of these animals, constructed military engines to act on the 
same principle. A ponderous beam was suspended at the middle by chains, 
and one end impelled, by the united efforts of a number of men at the op- 
posite end, against walls which it demolished with slow but sure effect. 
The battering end was generally, and with the Greeks and Romans uni- 
formly, protected by an iron or bronze cap in the form of a ram's head ; 
and the entire instrument was named after that animal. It was the most 
destructive of all their war machinery — ^no building, however solid, could 
long withstand its attacks. Plutarch, in his life of Anthony, mentions one 
eighty feet in length. 

The action of the ram is familiar to most people, but it may not be 
known to all that similar results might be produced by a liquid as by a solid 
— that a long column of water moving with great velocity might be made 
equally destructive as a beam of wood or iron — ^yet so it is. Waves of the 
sea act as water-rams against rocks or other barriers that impede their 
progress, and when their force is increased by storms of wind, the most 
solid structures give way before them. The old lighthouse on the Eddy- 
stone rocks was thus battered down during a storm in 1703, when the 
engineer, Mr. Winstanley, and all his people, perished. 

The increased force that water acquires when its motion is accelerated, 
might be shown by a thousand examples : a bank or trough that easily 
retains it when at rest, or when slightly moved, is often insufficient when 
its velocity is greatly increased. When the deep lock of a canal is opened 
to transfer a boat or a ship to a lower level, the water is permitted to de- 
scend by slow degrees : were the gates opened at once, the rushing mass 
would sweep the gates below before it, or the greater portion would be 
carried in the surge quite over them — and perhaps the vessel also. A 
sluggish stream drops almost perpendicularly over a precipice, but the mo- 
mentum of a rapid one shoots it over, and leaves, as at Niagara, a wide 
space b.etween. It is the same with a stream issuing from a horizontal 
tube — ^if the . liquid pass slowly through, it falls inertly at the orifice, but 
if its velocity be considerable, the jet is carried to a distance ere it touches 
the ground. The level of a great part of Holland is below the surface of 
the sea, and the dykes are in some parts thirty feet high : whenever a 
leak occurs, the greatest efforts are made to repair it immediately, and for 
the obvious reason that the aperture keeps enlarging and the liquid mass 
behind is put in motion towards it; thus the pressure is increased and, 
if the leak be not stopped, keeps increasing till it bears with Irresistable 
force all obstructions away. A fatal example is recorded in the ancient 
history of Holland : — an ignorant burgher, near Dort, to be revenged on 
a neighbour, dug a hole through the dyke opposite the house of the latter, 
intending to close it after his neighbor’s property had been destroyed ; 
but the water rushed through with an accelerating force, till all resistance 
was vain, and the whole country became deluged. The ancients were 
well aware of this accumulation of force in running waters. Allusions 
to it are very common among the oldest writers, and various maxims of 
life were drawn from it. The beginning of strife, says Solomon, “ is as 
when one letteth out water” — the “ breach of waters” — breaking forth 
of waters”™-“ rushing of mighty waters,” &c. are frequently mentioned, to 
indicate the irresistable influence of desolating evils when once admitted. 

That the force which a running stream thus acquires may be made to 


swelling waves in the open sea alternately rise and fall, without the crests 
or tops of any being elevated much above those of the rest ; but when 
they meet from opposite directions, or when their progress is suddenly 
arrested by the bow of a ship, by rocks, or other obstacles, part of the 
water is driven to great elevations. There is a fine example of this at the 
Eddystone rocks — the heavy swells from the Bay of Biscay and from the 
Atlantic, roll in and break with inconceivable fury upon them, so that vo- 
lumes of water are thrown up with terrific violence, and the celebrated 
light-house sometimes appears from this cause like the pipe of a fountain 
enclosed in a stupendous d’eau. The light room in the old light-house 
was sixty feet above the sea, and it was often buried in, the waves, so im- 
mense were the volumes of water thrown over it. 

The hydraulic ram raises water on precisely the same principle : a 
quantity of the liquid is set in motion through an inclined tube, and its es- 
cape from the lower orifice is made suddenly to cease, when the momen- 
tum of the moving mass drives up, like the waves, a portion of its own 
volume to an elevation much higher than that from which it descended. 
This may be illustrated by an experiment familiar to most people. Sup- 
pose the lower orifice of a tube (whose upper one is connected to a reser- 
voir of water) be closed with the finger, and a very minute stream be al- 
lowed to escape from it in an uj)ward direction — the tiny jet would rise 
nearly to the surface of the reservoir ; it could not, of course, ascend 
higher — ^but if the finger were then moved to one side so as to allow a 
free escape till the whole contents of the tube were rapidly moving to the 
exit, and the orifice then at once contracted or closed as before, the jet 
would dart far above the reservoir; for in addition to the hydrostatic pres- 
sure which drove it up in the first instance, there would be a new force 
acting upon it, derived from the motion of the water. As in the case of 
a hammer of a few pounds weight, when it rests on the anvil it exerts a 
pressure on the latter with a force due to its weight only, but when put 
in motion by the hand of the smith, it descends with a force that is equiva- 
lent to the pressure of perhaps a ton. 

Every person accustomed to draw water from pipes that are supplied 
from very elevated sources, must have observed, when the cocks or dis- 
charging orifices are suddenly closed, ajar or tremor communicated to the 
pipes, and a snapping sound like that from smart blows of a hammer. These 
effects are produced by blows which the ends of the pipes receive from 
the water; the liquid particles in contact with the plug of a cock, when it 
is turned to stop the discharge, being forcibly driven up against it by those 
constituting the moving mass behind. The philosophical instrument named 
a water hammer illustrates this fact. The effect is much the same as if a 
solid rod moved with the same velocity as the water througli the tube 
until its progress was stopped in the same manner, except that its mo- 
mentum would be concentrated on that point of the pipe against which it 
struck, whereas with the liquid rod the momentum would be communi- 
cated equally to, and might be transmitted from any part of, the lower end 
of the tube; hence it often occurs that the ends of such pipes, when made 
of lead, are swelled greatly beyond their original dimensions. We have 
seen some J of an inch bore, become enlarged to 1 J inches before they were 
ruptured. At a hospital in Bristol, England, a plumber was employed 
to convey water through a leaden pipe from a cistern in one of the upper 
stories to the kitchen below, and it happened that the lower end of the 
tube was brarst nearly every time the cock was used. After several at- 
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tempts to remedy the evil, it was determined to solder one end of a smalle. 
pipe immediately behind the cock, and to carry the other end to as higl 
a level as the water in the cistern; and now it was found that on shutting 
the cock the pipe did not burst as before, but a jet of considerable heigh 
was forced from the upper end of this new pipe : it therefore became ne 
cessary to increase its height to prevent water escaping from it— upoi 
which it was continued to the top of the hospital, being twice the heigh 
of the supplying cistern, but where to the great surprise of those whc 
constructed the work, some water still issued : a cistern was therefore 
placed to receive this water, which was found very convenient, since i 
was thus raised to the highest floors of the building without any extrj 
labor. Here circumstances led the workmen to the construction of a water- 
ram without knowing that such a machine had been previously devised. 

The first person who is known to have raised water by a ram, designee 
for the purpose was, Mr. Whitehurst, a watchmaker of Derby, in England, 
He erected a machine similar to the one represented by the next figure, 
in 1772. A description of it was forwarded by him to the Boyal Society 
and published in vol. Iv, of their Transactions. 



No. 167. Whitehurst’s Water-Ram. 

A, represents the spring or reservoir, the surface of the water in whicl 
was of about the same level as the bottom of the cistern B. The mail 
pipe from A to the cock at the end of C, was nearly six hundred feet ii 
length, and one and a half inches bore. The cock was sixteen feet belovi 
A, and furnished water for the kitchen offices, &c. When it was openec 
the liquid column in A C was put in motion, and acquired a velocity due 
tQ a fall of sixteen feet; and as soon as the cock was shut, the momentune 
of this long column opened the valve, upon which part of the water rushec 
into the air-vessel and up the vertical pipe into B. This effect took place 
every time the cock was used, and as water was drawn from it at shor 
intervals for household purposes, from morning till night — all the dayi 
in the year,’’ an abundance was raised into B, without any exertion o: 
expense. 

Such was the first water-ram. As an original device, it is highly honor 
able to the sagacity and ingenuity of its author; and the introduction of ai 
air vessel, without which all apparatus of the kind could never be madi 
durable, strengthens his claims upon our regard. In this machine he ha 
shown that the mere act of drawing water from long tubes for ordinar 
purposes, may serve to raise a portion of their contents to a higher level 
an object that does not appear to have been previously attempted, o 
even thought of. The device also exhibits another mode, besides tha 
by pressure engines, of derivino* A-nm 
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€hap. 1.] Montgolfier's Ram. 

out with the liquid from the lateral pipes. Notwithstanding the advan- 
tages derived from such an apparatus, under circumstances similar to 
those indicated by the figure, it does not appear to have elicited the at- 
tention of engineers, nor does W^hitehurst himself seem to have been aware 
of its adaptation as a substitute for forcing pumps, in locations where the 
water drawn from the cock was not required, or could not be used. Had 
he pursued the subject, it is probable the idea of opening and closing the 
cock (by means of the water that escaped) with some such apparatus as 
figured in No. 160, would have occurred to him, and then his machine 
being made self-acting, would have been applicable in a thousand loca- 
tions. But these additions were not made, and the consequence was, that 
the invention was neglected, and but for the one next to be described, it 
would most likely have passed into oblivion, like the steam machines of 
Branca, Kircher, and Decaus, till called forth by the application of the 
same principle in more recent devices. 

Whenever we peruse accounts of the labors of ingenious men, in search 
of new discoveries in science or the arts, sympathy leads us to rejoice at 
their success and to grieve at their failure : like the readers of a well 
written novel who enter into the views, feelings and hopes of the hero ; 
realize his disappointments, partake of his pleasures, and become interested 
in his fate j hence something like regret come,s over us, when an indus- 
trious experimenter, led by his researches to the verge of an important 
discovery, is, by some circumstance diverted (perhaps temporarily) from 
it ; and a more fortunate or more sagacious rival steps in and bears off the 
prize from his grasp — a prize, which a few steps more would have put 
him in possession of. Thus Whitehurst with the water-ram, like Papin 
with the steam-engine, discontinued his researches at the most interesting 
point — at the very turning of the tide that would have carried him to the 
goal ; and Jience the fruit of both their labors has contributed but to en- 
hance the glory of their successors. 

The Belier liydraulique of Montgolfier was invented in 1796. (Its au- 
thor was a French paper maker, and the same gentleman who, in conjunc- 
tion with his brother, invented balloons in 1782.) Although it is on the 
principle of Whitehurst’s machine, its invention is believed to have been 
entirely independent of the latter. But if it were even admitted that 
Montgolfier w'as acquainted with what Whitehurst had done, still he haSy 
by his improvements, made the ram entirely his own. He found it a- 
comparatively useless device, and he rendered it one of the most efficient 
— it was neglected or forgotten, and he not only revived it, but gave it a 
permanent place among hydraulic machines, and actually made it the 
most interesting of them all. It was, previous to his time, but an embryo; 
when, like another Prometheus, he not only wrought it into shape and 
beauty, but imparted to it, as it were, a principle of life, that rendered its 
movements self-acting ; for it requires neither the attendance of man, nor 
any thing else, to keep it in play, but the momentum of the w’ater it is 
employed to elevate. Like the organization of animal life, and the me- 
chanism by which the blood circulates, the pulsations of this admirable 
machine incessantly continue day and night, for months and years; while 
nothing but a deficiency of the liquid, or defects in the apparatus can in- 
duce it to stop. It is, compared to Whitehurst’s, what the steam-engine 
of Watt is to that of Savary or Newcomen. 

Montgolfier positively denied having borrowed the idea from any one— - 

no on xii-U i xr rwxrrt o'n A ft. 
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other. It IS a common occurrence, and from the constitution of tl 
man mind will always be one. A patent was taken out in Englai 
self-acting rams in 1797 by Mr .Boulton, the partner of Watt, and 
reference was made in the specification to Montgolfier, many pei sons 
^ned them to be of English origin, a circumstance that elicited son 
marks from their author. Cette invention (says Montgolfier) n’est 
d^origine Anglaise, elle appartient toute entiere a la France 5 Je d€ 
que j’en suis le seul inventeur, et que Tidee ne m’en a et^ fournit 
personne ; il est vrai qu'un de mes amis a fait passer, avec mon agrei 
a MM. Watt et Boulton, copie de plusieurs dessins que j’avais fai 
cette machine, avec un me moire detaille sur ses applications. Ce so 
memes dessins qui ont ete fidelement copies dans la patente prise pi 
Boulton a Londres, en date du 13 Decembre 1797 ; ce qui est une ^ 
dont il est bien eloigne de disconvenir, ainsi que le respectable M. ^ 
We have inserted this extract from Hachette, because we really supj 
on reading the specification of Boulton’s patent in the Fepertory of 
(for 1798, vol. ix,) that the various modifications of the ram there 
cribed were the invention of that gentleman. The patent was grant 
Matthew Boulton, for Ms invention of improved apparatus and me 
for raising water and other fluids.” 



No. 168 represents a simple form of Montgolfier’s ram. The m 
column descends from a spring or brook A through the pipe B, nea 
end of which an air chamber D, and rising main F, are attached to 
shown in the cut At the extreme end of B, the orifice is opened 
closed by a valve E, instead of the cock in No. 167. This valve c 
downwards and may either be a spherical one as in No. 168, or a con 
spindle one as in No. 169. It is the play of this valve that renderj 
machine self-acting. To accomplish this, the valve is made of, or lo 
with, such a weight as just to open when the water in B is at rest j i 
must be so heavy as to overcome the pi*essure against its under side ■' 
closed, as represented at No. 169. Now suppose this valve open 
No. 168, the water flowing through B soon acquires an additional 
that carries up the valve against its seat; then, as in shutting the co< 
Whitehurst’s machine, a portion of the water will enter and rise, in I 
valve of the air chamber preventing its return. When this has taken 
the water in B has been brought to rest, and as in that state its pre 
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operation is contlniUHl, as long as the spring affords a snfricicnit i^n|)pljand 
the apparatus remains in onicT. 

Tiie surface of the watm* in tin' spring or source should ahvajs he kt*pt 
at tlie same elexaition, so that its pressure against the* valve* may always 
1)0 uniform — otherwises the; we*ighi t>f K wouhl have* to he* 3iIteT<*d as tlie 
surfac-e of the spring rose^ ami f«*lh 

This beautiful maediint* may he* aeiapte**! to imme'rems locutions in ev<*ry 
comitry. Wlitm the* pcrpe*mii<’ular fall from the spring to the* valvt* K is 
{)ut a f(‘\v f«*e‘t, ami the* wat(*r is re*([uire*(l to he* raised te» a <*onsidc*raitit» 
height tiirougli F, the*n, the^ of the* ram eu* pipe* B, must he* in- 

cremsed, and to suc.h an e*xtt*nt that the* water in it not fore<‘d hiic-k infe) 
the? spring \vhe*n K close's, whic'h will always he* the? case* if B is met u( 
sul!leie*nt iemgth. Mr. iMil!ingtt»!g whe^ e*re*cte*ei M*ve*rui in Hnglami, Justly 
ol)st‘rv(‘s tinit a ve*ry insigniflcJint pre'ssiteg cohmm is e’upalde* of raising a 
ve?ry high asce*nding erne?, .so that a .stdlie-ient fall e»f \vate*r may he* ohmintHl 
in almost e*ve*ry ninning hreaik, Iw elammlng the* eippeT e*ml to preHluee* the 
"e?s<*rvoir, anel carryitig the* pipe eienvn the* natural cliunm*! of the* sire'am 
until asutlich'ut fall is oljtaint'eL In this way a ram has he*e*ti niaeh* Ui raise 
otm hundrt'el hogslu'nds of wiite*r in twe»nty Iheir houi-'i let a pe*rpt*ndie*ti!ar 
height of one* !mndre*d am! thirty-four feet, by a fall of e»nly four f«u*t atid 
a half. M. FiseJu'r ofScludrhatme'n, ctmstrucTt'tl a waie*r rum in the* form 
of a lusiutiful antiepie* altar, m*arly iti the* style* eif that of Kse’ulapims, un 
rt*|>r(*s<*nte*d In various e‘ngra\lngs. A lianlu uheetit r.ix inches in depth, and 
from t‘ighf<*t‘n to t\v<*ntv inche*s in eliatnete*r, r4*<’e*iv<*d the wut»*r that f uumal 
the? motive? column, 'iliis wate-r thiwed threnigji pipes three iindu'S in di* 
arm*te?r that d(‘s<‘<*mh*«l in a spiral form inte» the hie*** of the alfur ; on the 
xuilve* opetfmg a third td'fhe water escapeul, anel the rest wan foiu'cd up 
a casfh* K«*Vi*ra.! Immlred feet above th.e lev<*l e»f tht* Hhimn 

A Kmg tube* luiel along flu* eeligt eef a rapiel rive-r, nn the* Niagara alanue 
the f.dls, or the* Ml?^His?dppl, nnght thus he* ethial iiisteml etf pumps, w’iii<*r 
wiietds, Hfc*arno*iigifH*s and hterses, to raise* the water over the* higlu'St 
hanks ami supply inlanei towns, In^wever <‘h‘vate*el th«*tr itu'ation inighf he*; 
ami the*re? is se?iirceiy a farmer in tin* lantl Imt wine might, in the* ahrienea* 
of e'nhe*r se)im.u*s, furniMh Ids dwelling and harnii with water in tin? laune 
way, from a hreaik, creek, rivtdet or pond. 

ff a ratii of large diiin'trdonn, and inadi* like Nt», B>H, he* us«'el fee rattu* 
waft*r to a gre*iit elevation, it Weudtl is* :mhje*cr tei an im-ouveide-mu* flair 
Wouhl f4e»on eli^streey the hf*m*fifial elfeei <*f the* iiir chamber. W!n*ti speiik* 
ingofthe* air ve*ssels of f}rt*’'e*ngilH*.H, in the ihtrel hook, we* oliserveel iliitf, if 
air he? suhjertee! to great pressure in ce»niiu*t wdfh wiir**r, if. in time* he*- 
c'oines inrorpt»rafe*el with or uhsorlu'd by the* latter, A« might li«* suppeisetl, 
tin* sunn* thing oeciirs in wafer riirns ; its tlteae wht*n usial are ineeje 
Hantly at work both elay am! idithf. T*» r**fiietiy this, |Vl<uitgolfn*r ingeni 
onsly aehipttni a very iimall valve (opfudiig inwards) te* the? pipe? h«*neiifh tin* 
air rhumhrf, am.! whieli was eepemMl and shut hy flit? ortiinary ae-tioa «tf fin* 
macliim*. Iditn4, when the flow esf the water tbreuigh B in sudih-nly ’ifop 
pm! I»y the valve* B, ii |'Hirtia! %^*lcuulli In proelticee! imnnnlluti*!y h«*low the 
air chuni'hf*r by fin* rf*e‘idl of tin* water, at which iiiwfant the small valvi? 
opf'us ami a porfion <d* air enn*rs am! supplie»ii that xvhie'h the* wafer uh- 
Borhs. Soim»t.imi*s fids nftifihiif valve*, as It has he«*n namf‘<i, in u.lapt»*d fo 
unorfn»r cliiiiiihi*!* iitiiTi4*eliatt*Iy heh^w that widelt fterma the r«»sf‘rvoir of fdr, 
as at B in No. fn striiill rains a .snffie*ieni supply is foumi t«i enter at 

tin* V3ih»e B, 

Although air ehamlieri eir vi‘H?jehi are nut, srrtrily spt*nkfiig» coiifiliftieiit 
ek'meiits of Wiiieru'iiini, they are inili?'.pe*uHiih!e tei the permammi ttperaiiim 
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of these machines. Without them, the pipes would soon be ruptime 
violent concussion consequent on the sudden stoppap of the efiiu 
motive column. They perform a similar part to that of the bags ofjv 
which the ancients, when besieged, interposed between their walls 
battering rams of the besiegers, in order to break the force of the 
The ram has also been used in a few cases to raise water b^ 
pheric pressure from a, lower level, so as to discharge it at the sar 
with the motive column or even higher. See Si^jlion Ram,^ in ne; 

The device by which Montgolfier made the ram self-acting, is 
the neatest imaginable. It is unique : there never was any thin. 
In practical hydraulics, or in the whole range of the arts j and its 
city is equal to its novelty, and useful effects.^ Perhaps it may be s 
he only added a valve to Whitehurst's machine : be it so — but th 
pie valve instantly changed, as by magic, the whole character of 
paratus— like the mere change of the cap, which transformed the 
Hakim into Saladin.® And the emotions of Coeur de Lion, upon 
his great adversary had been his physician in disguise, were not n 
fluisite than those, which an admirer of tijis department of philoso 
periences, when he contemplates for the first time the metamorp 
the English machine by the French Savan. The name of Moi 
will justly be associated with this admirable machine in futur 
When all political and ecclesiastical crusaders are forgotten, and t 
mories of all who have hewed a passage to notoriety merely by the 
will be detested — the name of its inventor will be embalmed in th 
lections of an admiring posterity. 

The water cane, dr canne Jiydrauli^ue, raises water in a differei 
ner from any apparatus yet described. A modification of it in m 
has long been employed in the lecture room, but it is seldom met 
descriptions of hydraulic machines. It is represented at No. 17 

consists of a vertical tube, 
ward appearance like a ^ 
cane, having a valve open 
wards at the bottom, and 
in the liquid to be raised, 
pose the lower end twelv 
teen inches below the surf 
water of course would 
through the valve and s 
the same height within a 
out : now if the tube wer( 
quickly, but not entirely 
the water, the valve woul 
and the liquid within w< 
carried up with it ; and i: 
the tube was at the highe 
of the stroke, its motion w 
denly reversed (by jerking : 
the liquid column within 
still continue to ascend u: 
momentum imparted to i 
first was expended ; henc 
No.no No.nt No.' 172. cuity would be left in tin 

« , . part of the instrument intc 

jU^sh portion of water would enter, and by repeating tbe operal 

« Walter Scott's Tales of ttie Crusaders. 
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tube would become filled, and a jet of water would tluui be tlirowu from 
tlie upper orifice at every wtroke. Thin <*fiect obvlou«ly ilt‘pe!Kl.H upon the 
rapidity with which the instrunu''nt in worked, /. e. a Kuilh'ient v«‘l<Huty 
must be given to the wattu' by tlie upward Htrokt‘ to prt'veiit it (h'seeml- 
iug, till the tul)(^ again reat'hets the. lowt‘st point, and (‘onsecpieutly roci'ivea 
another supply of wat<‘r. The iuHtrunumt should be straight uiui the bort‘ 
smooth and uniform, that the Ihpnd may glide thnnigh with tlit' least pos- 
sible obstruction. As its hmgth must t>e e<|uui to tht* ehniitioa to which 
the water is to bt‘ rais<‘d, it, is uee<‘ssanly (»f limiteti applicathui, and «*spe- 
eiaily so sitic<‘ tlu^ wliolt' (both wat<‘r and apparatus) has to 1 h' lifted at 
every stroke — itot nnuvly tlu‘ liquid that is discharged, but the whole 
conttmts of till' ttiac'himu 

By making tln^ upper part t»f the ttda* slide withiu another that is fixed, 
a short jiart only oi the apparatus might ilnui be moved, and by <’omn*ct- 
iug an air rhatnlau' as iu No. 171, a etmtiiuml stream frmu the discharging 
orilha^ might bt? protlured. A stuffing laix hh«»ui<l be Uilnpfed to the mul 
of the fixed tulau lia(dn*fte suggestc'd th<^ application id* a spring pide 
(like those usetl in old lathes) iu eomrmmieafe tin' <jui<'k rei’iprta’ating mo- 
tion which these machines retjuire. 

No. 172 reprt\sent.s another form ui' tin' instrutueut. l\vo spiral ttd>e» 
coiknl round ui op|>osit<‘ direiUions art^ securetl to and movtsl by a verti- 
cal shaft, d'heir uppm' ends are united and fin’minafo in one di rliargli g 
orifice j tln^ low«*r ont*s are enlarged, and each hsM a valvo or clack 
opmiing inwards ti> retain the water that enters. By means oi the bantlle 
A, wliich is mortised f<» tin* shaft, an alternating circular nuuion is im- 
parted to the whole, and the wafer flicroby raifiod through these <*oi!<nl 
tub(*s on preei.sely tin* same primuple as throuidi ihu perpmabenlar can's 
just <l<'scribf‘d. 'rhu.s, when the handle is moved ♦dfher to the right liiirid 
or to the h‘fr, oin* vaivi* vUhuh, ainl the wafer within reetdvf*?i an impulse 
that e.ontimtes its nuuion along the tube after the movennmt of the tiitter 
is n*v<*rsed ; tind by tlu' time its tmmtvutnin is mxptmded a fre^h portitui 
<if wat«*r has entered that prevents its return. In this manner id! the eoila 
hiHumui filletl, anil then every adtliitonal f*upjdy tliat enters below drives 
before it. an mpud porti«m from the orifice uiHivt*. Tins machine, tlierf*- 
fore tlilfers from Nos. 170 and 171 otily, in Indtig iidiiptei! to a !iort7ain* 
till instead of a |H*rpendi(’nlar movement. Much tubi' m the figure fi»rm« 
a distinct machine, and should bt' (suisidt'refl wifliont refins'nce to the tulier 
Their disciiarging orifices are united ti» show how n constant jet nnty be 
proiluced. By making the upper part turn in it sfntling box in the bottom 
of II fixt'd tube, as in No, 171, vfcuiter might thtni lie raisetl Ingluu* tlnmthe 
movidihi |wrt of tlie a|iparaluH. 

That pro|>erty by which all bodies teial to roiittuut? either in u state of 
ruM or motion, viti intrtut^ tniTea«es lln* effeet of these maehiin^i, for wliiui 
tlie rnomeiitum imparted to the liquid in the Inben In exliansfed, inertia 
alone |irevenf.H if from hmtmititnuumly flowing back, and hene#* there is 
lime for iin inhiitiorial porrittn of water to lUiter at the valve, d*he action 
of the raiiiie hydrauliqui^ is simiiar to that by which persons throw wafer 
to ti diKtanre from n biicker, or a wash-basim Tfit' momentum |dvoii to 
these vessels and their cfuitiuifs carrier the latft'r to a distiiia*«% while tlie 
formt?r are Indd back or retained In the hands. Chiiils are tiers rhr<»wn from 
II. icuttle, earfli from a. shoveh and it is the same when a tra.veler on i. 
gidiopiug or when drawn furiouHly iu an <»|ien carriage, cotitiniuti 

on his iouniev after itic' animal snddtmlv stot»H—lnH jniheidon in idi itmt 
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CHAPTER II. 


Machines for raising water by fire: Air machiaes— Ancient weather-glasses— Dilatation of air by beat 
and condensation by cold— Ancient Egyptian air-machines— Statue of Memnon— Statues of Serapis and 
the Bird of Memnon— Decaus’ and Kircher’s machinery to account for the sounds of the Theban Idol- 
Remarks on the Statue of Memnon— Machine for raising water by the sun’s heat, from Heron — Similar 
machines in the sixteenth century— Air-machines by Porta and Decaus— Distilling by the sun’s heat— Mu- 
sical air machines by Drebble andDecaus— Air machines acted bn by ordinary fire — Modifications of them 
employed in ancient altars— Bronze altars— Tricks performed by the heathen priests with fire — Others 
by heated air and vapor— Bellows employed in ancient altars — Tricks performed at altars mentioned by 
Heron— Altar that feeds itself with flame, from Heron— Ingenuity displayed by ancient priests— Secrets 
of the temples— The Spiritalia— Sketch of its contents— Curious Lustral Vase. 


A separate book might with propriety have been devoted to machines 
which raise water through tubes by means of the weight, pressure, mo- 
mentum, or other natural properties of liquids, without the necessary in- 
tervention of wheels, cranks, levers, &c. With such, those now to be 
described might also have been classed, since they too require neither 
external machinery nor force. They differ however from pressure- 
engines and water-rams, and every other device yet noticed, in bringing 
into action a. new element, viz. heat or Jire. It is by this that the force 
upon which their movements depend is generated, viz. in the expansion 
of elastic fluids. There are two kinds of these machines which differ ac- 
cording to the fluid medium upon which the fire is made to act. In some 
this is common azV, in others steam or vapor of water, and sometimes both 
steam and air have been employed. The present chapter is appropriated 
to air machines. These might be divided into two classes, according to 
the nature of the heat employed ; in some this is derived from the sun ; 
in others, from ordinary fire. Those in each class might also be arrang- 
ed according to that property of the air upon which their action depends, 
viz. 1. the force developed by its expansion ; 2. the vacuum formed by its 
condensation ; 3. those in which both are combined. The first might bo 
compared to forcing pumps, the second to sucking or atmospheric ones, 
and the third. to those which both suck and force up the water. 

It was observed in the second book (page 176) that all gases or airs 
are expanded by heat and contracted by cold. A proof of this is afforded 
by the usual mode of employing cupping-glasses ; a minute piece of cot- 
ton or sponge dipped in alcohol is inflamed and placed in a glass ; upon 
which the air becomes dilated or increased in bulk, so that a great part 
is driven out to make room for the rest ; the mouth of the instrument is 
then applied to the place from which blood is to be withdrawn; the flame of 
the cotton is thereby extinguished and as the remaining air becomes cool 
it cannot resume its previous state of density, and consequently a vacuity 
or void is left in the glass. Plumbers sometimes make small square boxes 
of sheet lead; and on soldering in the covers the temperature of the 
contained air is so greatly increased, that before the soldering is completed 
a large portion is expelled, and when the boxes become cool every side 
found slightly collapsed. This result is the required proof of the ves- 
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sels heini^ tight. Now it. in clear that, it a ctJUiimniicatitm wm hj 

a tube })etweeu the iuteritir of one ut these bt»xes uml a ves>u'l of wiite.r 
placed a ft‘W htdow, that, the li«ptitl would be ibrrod iiUu it (by the 
atmosplu're) until the contatne<l air i»<*<'upleti nn g^'eat<‘r spu<'e chan it did 
btdbrt‘ any part was drivtut out by the lieuf. I his inode ut rating li{|uiiifi 
may be illustrattal at the tea-t.ihle ; In*f a satirer be hall filbai with tmld 
water, hold an inverted cup .just over it and apply tbr a momeaf a. fuauli 
Blip of lighted paper tti tht* inferior of the cup, tin»p the paper llu‘ 
wat(*r and e(»vt‘r it with tin' cup, u hen the ih|uid etujtiuits of the aaucttr 
will he Instantly i'oretMl np intt» the inviuied Vessel. 

If an inv(U‘t<ni gliss .'Uphon he partly Itlletl with waftn* and the t»riliee 
<d* one leg he then eloHetl and tlmf leg !*e held f»> llse fire, the air evpand- 
ing will drive mu. tin' liipiid and cause it to ascend in tiie other leg. 
S('*veral philosophical instruiueiifH illn-.trafe the jiame thing* Previous ut 
the discorerv td* afmosplimnr pre'eana* and the invention of the barotnefm*, 
tin* evpaiisioji i»f air by heat was tin* |trincipl»* upon vvhiidi the ancient 
weather gluKseri wa*ri‘ ctmatructed. 'They uere nuide in greiif vsiriety. 
Idu" r,im[>lest consisted of a tube hu.ving a bulb blown an the closed 

end. It was heltl ovt»r a tin* to dilate the air, atsd the open end was 
then phinged into a vessel t>f witter. Its ciuj.-iirucfinn was tln» psatne its the 
modern baronnUer. Vuriatioici in the tecnpcrafure ami dmcuty of fln'^ 
litmoj4|')inTe ciiusta! the water to rise and tall in the tube, a*i tin* coniained 
air was tlihuetl ami coiiinnUed, and thus ehatigei in the weather wert* 
indicuifed, fhaun tliese inntruincnts the b-iroinetcr r«‘crived its hirnier name 
of ** the wisUher ghiss.’**' 

d'he degret* of idevafion to whicli water can be fhui nii^ietl ilepemk 
itpon the teiujierafure to winch the roiJauiet! air subjerfml ; its dilsaalion 
or increuse ot’ bulk accordne.^^ to tsome anthofs* in coininnn with 

'Phe fViilUnvmii extract fVam a |mtihal»»nl mn hrlhrirt the ih^cntcfy iif iti- 

imHplicrjr |»rr'frtiirc. uevv feaiiera, Aliiaitigh te winch n 

rulers arc n»> Jmiger m they mnihf inU m he cntncljr hitr||*»tiE«an 

“ A wrathcr-^hiw* i« a 'JirmUttfi'! tifai ihr- Irn'it twa» |a tube* ami the vessel 

eoiUainitiil the water | ^tuyeUtar® of' three, l«ani', or uimv m nfv.iTmtn serveth, incfiom^ 

ti <|Uitiituy yf wairr* atifl a |H»tciMn »*f sni-r |*rM|a»yctumifile ; l*v %vhioe cnmlrfissicnm 
<ir rariliuiimt ttn^ upimtrd water !8ith}cri i»nif» a ctJiUimial trpicHm, «nthrr «r 

dnwiiWttrd *, by wbteU imaaint up die w uer %n riHtmiimlv iHrs’jdmwn, tbe aiaic, cIcniM*'* 
ttwi ftlteriirmn nnim wmiiher , I ^geak n*» fmae than what own ci|i!cr«rm*»* halli 
imnlc tni* bnlil la alhfin ; >-mi nia) I the tnnr nf itn* year, and liy fblluwinif ob«ciaaciniw 
Unfb*r?*tlU$f!ill^h’ rntiaiilrfcd | bee aiile rcftamlv te nifia«*|| Ihr- allcrar mii nr 
of the wciitlicr a nianv hanra hribr*’ n emne In 

TbcriMire divert wcaerafl bwhmft* nf w rather Mbo»jcs, Imi |irnirt|»ally iwm I, '’rfm 

rirctibir *i- *Vh*^ pcrpcndjcijiisf inujicmlscnhara arc 

(Innbic or trctfli', Tin* smicbi |irr|»cn4ictiiars are of' two mifltor lim or ttifiveiil»l« : 

The fnt nm ofcoijlfiiry utialitirs i c}tht?r stirh wtinac mcltohal water tliiili iiiiivc it|iwaril 
witiicitli!, itmltlowuiwiirtf %%nh heat, or **l»e With liciil rtml ilitiviiWiittl with ctiltl, 

In the dojihic itmhrrblc pcrp»^iniicnliir». a«ihr water aw'cmtcfh in ti ilc.iriuidcili 
nmcli or more m iltc lulicr In the movt-ahlo |mrjmtidirnlt»r«, tim btoitg arntrcially 

hinis?cd, {! nmvcili nji amt down with the water/' 

4111 * imtiwr llicii tirnriabra the s arioiN hind# nmnf nuted and Icllt lir^ rcatlcf *'■ if ymi do« 
Well cdwcric Ihr Ibriii of the vmt cafiiml gnaninae/* Hr also itj%rn for 

imikiiin roloiifcd Wfifer for iho iiib»^*», such a# " may lie boili an or»;imcni to ilic w orli, ^and 
llclcctiddr to l|»r cue" TfcaUae on a|nl Iklltltre, A, P of i- Her arnoml of lIlW 

book |ia||c 1*1 - A moiiihraitofi of an may h« foniid in the 1‘of’ciiilc \!»»u»i*wuili 

of Prcioii, (|iiiu#i xniu winrti lie *kttii loorc ttj bmd llacnn, 

in whose nine thcisc nir flaws yyerc ciiiiiiimn, jirowntcd wlul aingcans m have been iin 
improved om? mid of hw mvii nw ennon, lo the ikirl of y, w Itn it is ksihI, %% so «ii ri'i|in>. 
vmed %viili if ilwl lie ittmmmunl the donor wtili Twickenham rai-k and iNfardoin « 
fitacii for bis Tlw m»lrttiiicni WjWI nattied ' i fufumiti Rfiliirr, ir^rf'Af ft* 
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other permanently elastic fluids, in a geometrical progression to equal in- 
crements of heat. A volume of air at ordinary temperatures is increased 
over one third, if raised to 212“^ Fahrenheit. At the fusing point of lead 
(about 600*^) it is more than doubled, and at the heat of 1100'^, it would 
be tripled. Bet a small glass tube be attached to the neck of a Florence 
flask, and heat both in boiling water ; if the end of the tube be then placed 
in mercury, the latter will as the air becomes cooled rise in the tube, to the 
height often inches — equal to about eleven feet of water. If they were 
heated to 600^ it would rise to fifteen inches ; and if to 1100^ to twenty- 
one or two inches. We have connected a tube to the mouth of a common 
quart bottle, and after heating the latter over a fire, placed the end of 
the tube in mercury, and on removing the whole to the open air, then at 
50^, the mercury in a few minutes rose to sixteen inches ; hence rather 
more than one half of the air had been expelled by the heat. These 
effects take place when the enclosed air is dr^ ; but if it be moist, or if a 
drop or two of water be in the vessel, the results are greater, because the 
vapor of the liquid would alone fill or nearly fill the vessel and would 
drive out a corresponding quantity of air. 

This mode of creating a vacuum and raising water by the dilatation and 
condensation of air is now seldom used, because superior results, as just 
intimated, are obtained from steam and with less expense. Air machines 
'are however interesting in several respects. They are among the earliest 
examples of elastic fluids being employed as a moving power, induced by 
alternate changes of temperature. They constitute the first link in that 
chain of devices that has now terminated in the steam engine, but which 
will probably be prolonged through future ages by the addition of even 
more efficient mechanism. In this view of the subject, air machines will 
connect the researches and inventions of antiquity, in the development and 
applications of the most valuable because most pliable of all motive forces, 
with every improvement future engineers may make to the end of time. 

The oldest air-machines known were made in Egypt, and the oldest 
account extant of such devices is also derived from that country, viz. from 
the Spiritalia. It is also worthy of remark that they are associated by 
Heron with other devices of the priesthood, for exciting wonder and per- 
forming prodigies before the people ,• thus affording a collateral proof that 
occupants of the ancient temples at Thebes, Memphis and Heliopolis 
were intimately . acquainted with the, principles of natural philosophy ; 
and fully capable of teaching those who flocked to them for information, 
from G-reece and neighboring countries. There is a circumstance too 
that indicates a more thorough and practical acquaintance with the me- 
chanical properties of elastic fluids, and the means of exciting those pro- 
perties than might at first be supposed, viz. in the substitution of the 
sun’s heat for that of ordinary fires. This seems to have been adopted in 
cases where the miracle to be wrought could not be accomplished by the 
latter without danger of detection, or when it could not be so secretly 
effected, or could not be performed with such imposing eifect. Of 
this,; the vocal statue on the plain of Thebes is an example. This gi- 
gantic idol saluted the rising sun and continued to utter sounds as long as 
the solar beams were shed over it, and while surrounded by the myriads 
that worshipped at its shrine. Now these sounds were produced, accor- 
ding to Heron, by the dilatation of air, or by vapor evolved by the sun’s 
heat from water contained in close vessels, that were concealed in or con- 
nected to the base of the statue, and exposed to the solar rays. The 
expanded fluid, it is supposed, was conveyed through tubes whose orifices 
were fashioned to produce the required sounds. 
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Cainhyscs desirous of asecTtainiiiiJC tht* ctairtadtul inrchanisin, it is siiul^ 
l)rok(i tht‘ statue frt>m tht^ lusul inultlh*. At'cortliuLt tt» stunr writtu-s 

lu^ dis(u)V(n‘ed nothin^:;-; wiiilt^ othtU's uieuiitui an t>puiinn pn'vairiit nnH»u|^ 
tlui E^^jptiaus that tlu' iniat^t* previously ultiU’tul the st*veu utyshu'iouM 
vowtds, hut lU'VtU’ afterwards. Straht> iias retHualed a tnidltlon that thr iji- 
jury was eaust'd hy a,u (‘urtlujuake. .ll<‘ vlsit«*cl hiyvpt iti the !ir,.t rent ary, 
and* nuiKirks, that tairly out* uioruint;’ as he autl (hnlius tin* prefef!» with inatsj 
other ftit'iids, and a. lar»;'e number of siddiers were staudlny the statue, 
they h(‘aril a eertalu s(auitl, hut eouhl not determine whetln*!* it euuie from 
tlu‘ trunk or tiu‘ hast*; tht‘rt* was lit)Wt*ver a pr«‘vuiruu'; heli«*f that it pro^ 
(needed Irom the* laltt'r or its vieinliy, I’ht* sounds finally etsistsi in tin* 
fourth et'uturv, whtm ehristianity heeatin* t'stuhlislied in tin* etnmfry. 
St)nit‘ authors have supposed lWt> dilferent tleviees were t*inpioyetl ; ont^ 
prt'vious t<u and tin* <uht*r sidisetjumit t»» the nmtilation of the ‘itatiii* ; ami 
that one or both eonsisted <‘f springs, ^‘e. on tin* primdpie of some of the 
Hp(*aklng htuids (if tin* niiddhi ages. Henm, hov\«ner, wdio nmsf have 
hetm familiar with tin* imag(* utid the stainds utti*r(sl hy it, attrilmred fh*'* 
iutf(*r t(i air tu' vapor, evolvaal and f‘X|)amled hy jiohir heat ; s<» that, how- 
t‘vt*r we may speeailatt* on the suhj«‘ef, in las(*pini<m tin* Pharaonir prieHt- 
hood wtua^ well aec|uainted with the <hlatail«in and eoiif raction (*f aars hy 
heat and (mid, and with various modes of (unphymy fln‘m. Moreom-r, 
tin* moveuu'Ut.H of the famous ." Ijitm* of St’rapis ami ai 'o tho-ie «*f the lUr I 
of iMtuunou (tin imag(* whieh we have previondy menfionrdl weie ahuy 
produet'd hy air or vapor dilatetl hy the Myjjf i heat ; and we *dsail pie'irnt^ 
ly s<‘(‘ that tri<’kH on the sann* prinripie wore fre<|U(‘nt!y perhu’med at. an- 
cumt tdfar.M. 

Modtuai exp<*sitlons of the inechiininm or iuiji|»o.‘ied iiieeimniiin id’ the 
Tiudian Idol are deriveti from th** Spiritidia. fhar t»f Ihn-aus 
ofa, <dos«' va’ssei, of tin* fu-m <*f a ped<‘stal, having a partilioti across it by 
whieh two air-tight compartment'! ur«* fornn’d, ( )ne (yf these is half tilled 
witli water and (*xposeti tiy tin' solar rays— thi' other mytttfdns air and fo 
ity upper part are et»ime<‘fed two tu’gan pipes or reeils that eommunie’iite 
with tin' statue, A ctimmunicafiun is fta'med fietwetm tin* twt* rMmpsirt- 
uumtH liy a Hiphon, the legs of whiidi arc* imnyrted at the top and ilei>ceml 
tnairly to tint hot{t»m id’ each compartment, lima when tin' sun warmed 
tin' vesstd containing water, the air and vapor within, In’came expaiidml 
and |>ntHMing on the surfaci* itf the Ihpnd foref'd part of’ the iaffer through 
the siphon into the other comparimenf, hy whieh a tsirrespondmg poriioii 
cd’ air was forc’ed through the organ pipes. A figure and detailH of fids 
apparatus form the |date (yf Ueeaus* Foreilde Myeauneiits. Fiittsii- 

nuis and some otlier aneieig authors eoinpared tin* 'aninda fo ffnwe produ- 
c'd liy tin* vihrafion of harp strings; and Juvenal, who was texilcd to 
Kgypt hy Domitiaii, ms'ins fit have been of the sauit' (♦|iiid(ffi, 

- - - » when tile radiatil henninf inaratait ting* 

On shnUiu'd .!lifeiniimi'?y -11111 iairiiwiumi^ ^trini^.-®-«)cv. 

Ili'iset* Kirelier in Ids explanation, imiteini of eonveying the riirf*fs(*d air, 
or vapor througli a wind inHiruiiient, fninlt* it. act n^mmi tin* viu<e:, ttf a 
wlnn'i, as in llram-.ikH sfeain m.achint', and us the wheel was ihii’i blown 
round, a number «»f pins atfaebed to its periphi'ry struck a srrieri t»f wiri'ii 
io iirmnged as to reetdve th*i hh»ws. A figure of fids diwdeo is iieicrted 
in his (Ktiipun .Mpppiutrun, Home, 'rom. iii, pii|.u* o‘ib. 

Whattna'f the device was, it .s«*eins to havi' hemi as Jidiidralde in tl,i 
execution and ilie disnoHition of the rms'hanlsim us in iis eoiicepfimi. Wii 
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the adjoining temple. The Romans do not appear to have had sufficient 
curiosity to give it a critical examination.^ What a contrast it forms with 


some modern wonders ! These have puzzled people only while exami- 
nation was prohlbited-while access to them was denied, as th^e chess- 
player of Kempelen ; but the colossal android of Thebes defied the scruti- 
ny of the world through unknown periods of time In it the old priests 
of Egypt have sent down a surprising specimen of their skill. W e know 
from the Bible that they had a profound knowledge of Natural Magic ; 
i e of the applications of science to purposes of deception, and tins statue 
confirms the scriptural account:— it shows us what^ an amount of labor 
and ino-enuity was expended in the fabrication of idols, and to what a 
prodigious extent the ancient systems of delusion were carried— how the 
very ma<^nitude and even suUimity of the impostures were calculated^ to 
bear down the intellect and establish an unshaken belief in the communion 


of the priests with the gods. 

If a close metallic vessel containing water be exposed to the sun, the 


air in the upper part will become dilated by the heat and may be employ- 
ed to raise the water : for if a tube be inserted at the top, and the lower 
end reach nearly to the bottom, the elasticity of the air will be expended in 
forcing the liquid up the tube and to an elevation according to the increase 
of its temperature- A device of this kind is described by Heron which 
is represented in the annexed cut. 



On the lid of a box or cis- 
tern containing water is placed 
a globe, also partly filled with 
the same fluid. A pipe rises 
from the cistern to about the 
centre of the globe. Another 
pipe through which the water 
is to be raised proceeds from 


near the bottom of the globe 


No- 173. Raising Water by the Sun. From Heron. 


and terminates over a vase or 
cup, which communicates with 
the cistern as represented. 
When the sun beams fall on 
the globe, the air within is ra- 
refied and by its expansion 
forces the water through the 
pipe into the vase, through 
which it descends again into 


the cistern. When the sun beams are withdrawn and the surface of 
the globe becomes cool, a partial vacuum is formed in the globe, and the 
pressure of the atmosphere then drives a fresh portion into it from the 
cistern below ; when it is again ready to be acted on by the sun as before. 
In addition to the air, at first contained in the globe, a quantity of vapor 
or low steam would be evolved by the heat and contribute greatly to the 
;*esult. The cistern represents an open reservoir which may be at a dis- 
tance from the globe, and the vase merely exhibits the place of discharge 
— having no necessary connection with the reservoir. The apparatus as 
a model, is figured just as philosophical instruments still are. Thus in 
modern books, a pump (for example) is often shown as discharging water 
into the reservoir 'from which it raises it. We make these remarks be- 
cause some persons are too apt to consider these ancient figures as literal 
representations of working machines, whereas, they were designed merely/ 
to illustrate the principles upon which the movements depended ; and as 
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Bp(‘cimens from which others for pnK’tieal |>urpoH<‘5i might lie (h‘(hu‘cMl. 
It is (|ulte a common remark in ohl imthors, airtn* ih'scrlhiufj; a to 

ohstn'vii that %'ariotis ma<‘hhi<‘S for otlua* purposes may he thu'ive^d iVfuit It, 
and (‘xcuse thtuns(‘lvt‘s for not poiiitin‘t out partictihir moth‘s t)i tioin'*' this, 
hecaiuse tlu^y consithuaul thtuu ttio tihvhms tti retpiire it. 

Wluulier suc.il moiit‘s of raisin;^' water wm-e practistai lu lMiro|>o |>revl- 
ous to till' siKttuuith cmitury, \V(* liave no means t»f aset'rtaiiiinst; hut in the 
middle of tliat and the ht'ornnintt of the followin''- <nie tliey are fre(|n<*ntly 
to he met with in old author.s. 

Jhjptist Porta, in hi.s ISttiinutl ^l(tgi(\ utter descrihiti't a method of rais- 
ino- water from tin* luittom to lln‘ top of a lower, !>y means of a vueiium 
lornnal hy water llovvintt from a tdosi* vessel n— ‘-next proposos a nanle iif 
aci'omjilishinp; the same ohjeet ** /o/ Z/eV// <//e/n‘.” A rlosr vessel <jf hruss 
was to he plaeetl U|Hm lht‘ tower, huvintt a pipe eonneeteil t«^ its upper 
part uud extimding down to tin* water tr> l»e raisod ; the orihee hf*ifig ii 
sliort distimce below* the Hurfiice. d'iie vm^sol wuh ti»en to he minh^ 
hot hy the nun, to rarely the eoniained tiir iuh! expel a portion of it 

through the pi|Hn Ah the vennei f4rows cold, he ohscrves, the remiiininr^ 
air in condeuHed, anti iH*cimHe it ctminu tlmn fdl the vaeuitv, *’ihe witter ta 
<*alh*{l in tuul asct^nds thltln*r.*‘^ (Book xix. ehup. li.) ife (hies in»f men- 
tion tin* Insight of tin* to\vt*r hm'iitiHe the pitiiosopliers of that aye hud no 
idea that the t*levntion to whieii water Wtndd uieend into a vueunm had 
tiny limits- — and hence in auoiln*r part of the same work Ihaia tin* 

foilowitig Itmguage”— “ A \ aennm ei st* ahhorn’d hy ttufnre finif the world 
Woidd Koimer he ptdl<*d te^nnder than any vacuity < an he ndinittedf ^ 
(Book xviii, ehap. 1.) ddien* is another passage in tin* hth i'hapt(*r «»ftln' 
ilhh Hook, from wliieli it .*ie«*nei that hi* f*mpioye(i the elasiice force of 
an* or steam, or a mixture of both us in No, l7-I«««-and gent*rated eithi*r !»y 
the heat of the Hun, or hy that of lumps or <*andle.H, as phown at No, IHI, 

After desrrihing a fountain of C(»mprenHioii, which he exhllkrtal to Mome 
of tin* great Lords ot' \*einei% and tin* operation of which In* nays (‘ansed 
great surprise as there wan no visililt* cauHe for fin* water fly ing so hinh**** 
im e.ontinues, ** I also made another place near ihi*» fountain tlmt Iti in 
and when the air was extf*mniti*d, .so tmi^ an tuu^ the fountain 

threw out water, whieli was a tiling of mneli admiralion, and vet hut hffle 
lahor.” I’his passage is prohahly imperfotuly tranalafed. 

No. 174, on the next pag'e, forms fhePth plate attached to thi* ** I'hirrihh'! 
Movem<‘ntH** of ('rraiedated hy Leak, Londoji, BkVj,) If exlii- 

liitH an extension of Herotfs maehme already nottee«L (No. t7.'k] Ileriiiii 
says ** this engdne liafli a great effect in hot places m in Spiun itiiil Ifiily/ 

h^ntr air tight copjier vessels, a foot sguarf* ain! H or if inch«*.s are 

so arrangtal that the aim may ahine strongly n|Hin fhem. A pi|»o, having 
a valve n, opening u|nvardH, cofiimnnicales with the lower pur! tif eitch, to 
supply tlieiii with Wiiter from tin* spring lielow, Annlher p-t|M'* pfiH-ies 
over tin* upper siirfiictss, havitig hramdios which de.scenfl innirly to the hot- 
tom of each Viomel, A valve is iilso pltired tit lids pip*% from the upper 
end of wldeli the jet of tlin fountain isMues, At the coinmencemeni, each 
veiiol is iihout oiiii llfirtl fdlf*d with water, ihrougli opeuings on the top, 
which are tlten plugged up, ** Then tint »nn winning iip«»n the s».yd en- 
gine shall nmke an expresnion hy rarefying flie eneJo*it‘d air and force ihti 

^ NATiffUf. lIxfiicK irftmtit^himhnhffJ^hn tktutht irbirrin tm siifmfh aiiiim riokf 

t le.nij 
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water to flow out as in tke figure. And after tlie heat of the day is pass 
ed and the night shall come, the vessels shall draw the water of the 
cistern [spring] by the pipe and sucker [lower valve] and shall fill the 

vessels as before. And you must observe that the two 

suckers [valves] must be made very light and likewise very just, so as 
the water may not descend by them after it is raised.’* 



No. 174. Air Machine, from Decaus. 


An improvement upon the preceding machine is next given by Decaus. 
The form of the vessels is altered, and double convex lenses or “ burning- 
glasses” are so arranged on their covers as to collect the raies of 
the sun within the said vessels, the which will cause a great heat 
to the water, and by that means make it spring forth with great abun- 
dance, and also higher if it be required.” (See the figure below.) It is, 
we think, in the range of probability that the heat of the solar rays may 
yet be applied in some situations to raise water with effect 



iniTiininiiiiira 

No. 175. Air Eng-ine, from Decaus. 

"Wbether this application of lenses ** to encrease the force of the sun” 
in air engines, was a device of Decaus, we know not. The idea however 


Chap. 2] DutiUing ly tJie Sun*s Heat. 3S1 

would naturally occur to any ongincc^r tlnus oui^nji^ed on thc‘ irn 

provement of such inac}nn(‘H, lu'causc distiliiiii^; hy tin* sun lunh whh hni- 
ses and without them was a common ]>ra<'ti<‘t* with chomists in tluit age 
and some cenUiri(?s l)t‘{ort‘. Baptist Ihu'tJi tieserihed tlH» prtu-ess in tin) 
tenth book of his Natural Magir, and (tbstn-ves that “ th*^ waters extract- 
ed by tint sun are the best.*' Sta* also d/f//.vfw liiisiapiv, Paris, lb7*b 
page ;211. Kirclnu-’s J^lumhis tyulitn'ranvus, 'Pom. it, dtei. Other ati- 
ihors idso (h'st'ribt* tin* appiicatioti bolii of convex ant! concav<‘ lenses to 
c.oinamirate the solar rays (Ui disfiHing vessels ; a practice probably us old 
tis tln^ firm* of Andilin«‘dt‘s, or ev<‘n <ilder. U’e give an extract frotri an 
Etigiish translation of otn* of (ttxsneps Wi»rks, w Ijo died in Ib4/*, 

** Eurfhtu% a.lthongh that tin* (diimisticke atithoura tloe t<*ae!t ami shew 
diverst* fashlt^ns of tlistliling !>y ascension, yet nniy all flaxse wares be 
brought iuttt thrt‘t) ordt‘rs. -------- 'Ote first maimer is, winm we 

distill anie litpiide iubstance or flowers in the sunne by f<u‘ee <if his heate. 

'Phe singtdar 
man Adam. Ew/c/cr, in hii 
Innuise tm tlie arte of dis- 
tilling, setnuh forth an 
vmiv maner td* dintilling 
by the heart* of fin* siume 
b«*ames - •" - ■- ami tin* 
nutin* is to In* wrouejtt tm 
this wist*; take, saifh lnar« 
eif‘r, a holhtwe burning 
which ihrectlio 
place tiie hoti* 

Inaunes of the nonin*, filler 
{bf*tweemi the beantfi of 


Nt>. im IHiUtlmf by Ihfi llsstf. (Hetctrtj “ » - - in such 

manner, that the la*iunes 
of thri hote utinm^ falling info the Imlhiw gliisse, niait* no lumtv biick«^ 
and extende to the glanse bmlie with fin* proper matter (as to the ol>ji*ct 
standing riglite iigainnf) - - * - ns m(*re livi'lie at»pearerh by lids figiirii 
hercmlesenlHsl/*^ 

Air diiiited and vajior evolvctl bv the suifs heat were also used t-O pro- 
duco music in ilie nndiile ages, n device whieh ofo*!! ciinsed fliiit celiiifiiil 
melody which, like tint har|.t of Dunstan, ampdrtnl for its iiiiftior» a repti- 
ration, soiiu*!im«*s of sn|mrior siinefify, and at oihi'rs of dealing with the 
wicked om*. Idle mtisical machini' fif th»* faimnis /-VcM/r, aeeording to 
rh«h(»p Wiikiiw, was of this ktndt i, e. a irnodific‘ii!tori of the supposed mie 
in^die Statue of MiUfinori. Drehhhfi mitcliine, sayi- the Bishop, ** winild 
of itself rc*nder a soft mid |ileaa«nt harmony when exposed to the mm*^ 
ray«, hut lieing removeil info the ahfide wmiikl preimilly heroine fiileiii. 
The reason of it was this; the wnrmfh of the iiin working upon some 

* Thf-tmrtkt ifthe. new tmd dd phinkta^, ^hrmn in emttmmtd thr mmt rttfUail ntfr^$ 
^^phi$km umi pMimttpkk, d^mlrd mHifnurt, the whirh urr thrl*e»t tfppmrfd mm” 

dim fpr the dmmeg^ m mU immrd m miimmi, thr af maun /«»%: intiimg rtm 
am^m of ttl dmiMinimm tf toilrfii, of et/kn, btdttmt tptintrgHrm'm, tnih (hr ftiroeiitm 
head $idtr$. (he omd tf dmtimopw. tmd ftoiodr pithi. oiahrfrd not nf iM 


thesunneam! tlm hnridng- 
elasse,) nvt the liliuw bodie 
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moisture within it, and rarefying" the inward air unto so great an extension 
that it must needs seek for vent or issue, did thereby give several motions 
unto the instrument.” (Math. Magic, Book ii, chap. 1.) 

Becaus, besides his explanation of the vocal statue of Egypt, has given 
a description of a musical summer, a device apparently similar to Dreb- 
ble’s ; and in the twenty-second plate of his work he has figured another 
which Switzer has copied into his system of hydrostatics. 

The heat of the sun is too uncertain to be relied upon in those pro- 
jects that require immediate and certain results. During the evening, 
night, and early dawn, nothing could be effected ; and even in mid-day, 
clouds and showers often intercept or divert the rays : moreover a ma- 
chine when placed so as to be heated directly by the sun, soon experien- 
ces a diminution of its influence by the motion of the earth. Those rays 
which fall directly upon it becoming, in consequence of this motion, 
oblique. These and other unfavorable circumstances are common to most 
countries where the solar heat is sufficiently intense, while in others it is 
too feeble to be used with effect ; hence, in the temperate zones, within 
which the arts have at all times been chiefly cultivated, the application of 
ordinary fire has superseded, for nearly all practical purposes, that derived 
from the sun. In some parts of the earth saline waters are concentrated, 
and salt produced by the heat of the glowing orb of day, but for every 
thing like the devices belonging to our subject it is now seldom employed, 
if at all. 

The oldest applications of fire to raise liquids are, singularl;^ enough, 
also to be found among the philosophical tricks of ancient priests, and 
among the prodigies which they performed at the altar itself. The selec- 
tion of altars for such displays was natural, because it was at them the will 
of the gods was more particularly expected to be made known. It must 
not be supposed that ancient altars were all simple structures of wood, 
stone, brick, or marble ; on the contrary, many of them were elaborately 
designed, and constructed entirely of metal. Every one knows that 
bronze or brazen altars are of frequent occurrence in the Old Testament, 
and the descriptions of some prove them to have been splendid specimens 
of workmanship and design. The altar for ‘‘ burnt offerings,” being up- 
wards of eight feet square and five deep, was covered with plates of 
brass. The grate, fire place, vessels, fee. were also of the same material. 
One of the numerous brazen altars built by Solomon was an extraordinary 
affair, being twenty cubits, or thirty-three feet square, and sixteen feet high. 
The large number of victims consumed on it and the necessary fires ac- 
count for these dimensions. 

As some of the most effectual frauds were consummated at and by 
means of altars, the civil governors of the heathen, and some of the worst 
princes of the Jews, made use of them for the performance of state tricks, 
to intimidate the people and subdue them to their will. In such matters 
a collusion between the priests and statesmen of antiquity is very obvi- 
ous. (By a similar combination of church and state it is that the people 
of Europe are still oppressed.) When Themistocles could not otherwise 
carry out his measures, he did not fail to make the oracles interfere. There 
are some interesting particulars in 2d of Kings, chap. xvi. respecting a 
brazen altar which Ahaz examined at Damascus, and an exact copy of 
which he had made and erected in Jerusalem. It evidently was of a no- 
vel construction and was probably designed for working pretended mira- 
cles for state purposes, for it was among those destroyed by his son He- 
zeklah. Montfaucon in the supplement to his antiquities describes some 
singular altars, and among others, one on which an eagle was made sud- 
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Chap. 2,] at Altar,^ hif rneam (^f Fire. 

clonly to n*8C as in tlu^ a<‘t offlyinp;' away. Tljis lu* ohst‘rv(‘B was efrected 
by nuicbinery moved by a. jxn-son appt»int<*d ior tlu* pur|H»s(\ 

Tlit‘re ar(‘ minuu'ous intimations in hisfory oi inuuLs praetieed at altars 
by fire, and by watvr aiul other liquuls. \Vt‘ ^hall imtive u few iuna^aml 
others in the next chapttn*. A v<*ry aneient tradition tau'dst tint thost* 
were the g'reat(‘st {J^ods that. ans\v<‘red their worshippt'rs by lire. This 
was a prevailing- l)eli(d’ among the ancient heuthen* and inmee tin* ingennity 
of the priests was partieulariy exercdsmi in devising imams t(» pmuluee a 
spontamains or “ divliu* to t’onsmne th<‘ .saeriiices. .^ervins, a Roman 

writer, aflirms that in anc'ient times fire was nevt*r kindled on tin* altars, 
but was drawn <lown from iu'aven by prayers. Solinus another Homan 
author, who wrote* in tin* first <*entury, speaks tdhua* in Sicily upon whieh 
tlu* ftiel, though ever Ht> green, wtndd kindle of Itself if file saerifiee was 
a(a‘eptabh* to thi' gods. Ibiusunius relates an example of whieh he was 
a, witn<*s.s. Some of tluMleviec's art* kmwvn. W hen fine vietim u as laid on 
tlu* altar and tiu! fuel ready to ht* kindled, a lihaiiim i»f wine (»r t»ii was 
|>ourc‘d upon it; stnauns of tin* li<piid triekh’tj ihnmeh fisaires tn* ht*eret 
clmmuds into a |ain of coals eonei*iiled beiosv, aiul instantly the sacrifice 
was mivtsloped m flaim^s, and the desiretl proof’ td* its ueeepfance i»iven. 
At other tim<‘H naptha, a. mineral oil ilint takes fire on heing’ t*\poM«Hl to the 
air, was adroitly drtjpt on tin* fuel l»y the priests us liiry tdliriated, Idiiis 
in tlui Huhstama? hy wlfudi Med<*a is .supposed to huv<' destri^ved (hernia, 
by impri‘gnating with it tin* enehant<sl gaevn which slie ercfs'uted tt» her, 
Wlum (dreusa. lia«l put it on and was approaching^ the altar, if litiint inti^ 
Ihemss, and .she (‘Xpire*! in t*xerueiatlng torments. The l>ruida huil the 
art of kindling without fire a sulphurous .suhstimcf^ Iw which they struck 
tt'rror into tlu'ir enemies. 'Fhere ar»* presumptive pretda chat both they 
aiul tlu' priests of' Dt'lphos Int i gunpowdt*r, wiilt whitdt they imitaieil 
thuiubT aial iig;htnine;; and this aeetualH with a rtunark of Plmy% in the 
H<*cond liook of his Natural History, (ehap, fkh) *M{ appiaireth upon re- 
cord in chronicles that hy certain mcrtfleim aiul pray«*rii, may 

eithm* be compelled or easily intrented t*» fall upon tin* eartln” And he 
olwerv(*s that there was an tdti traiiition in Ktrtiria, that lijditninit w as 
prrKuinnl “liy exrtrcisms and emijnraiions.” d'he amdent prie.sts of Mtliio‘» 
pia worshiped tin* mm, and at the close of harvest they separated a 
jMirtioii of the fniitH from the rest as a saiudfice to tin* H«dfy : if the idler- 
mg was acceptable it Instiinlly tr»ok fire. The \h*«ral dbiiylia reklndlecl 
the sacrcsl fin? on the altar <d' Vesta, by putting her veil ever if. that is, by 
fiome dftvitn* wddcli the net fd' iMijnsfing hf*r veil concealed : in tael eiiengli 
iH known to convinct^ us that eld femph*s were perfect iatieraieries, (Ht?e 
an expose of the |)r<gembal deseiuit of et^lestial fire on (teei,! Fridiiji, into 
tim Indy Kej)tilchrc! <d’ deruaiilem (whieh is, wt? believe, ilill kept tip) in 
Motray<d« Travels, voL i, page ?lb) 

'But it was net by tin* Hudtlen appearance t»f fliuricM only flint fire was 
employed a« an agemt of derepthm. B{|iially mirprising idlects, and mi 
m*cretiy produced, were deriveil from the /aat which thtf fuel and burn- 
ing siicrifice gavt* out. It will reiulilv He imagined that this heat, must 
have been intense when a bullock, a sheep, tir a goat, was <*onsiimed ; anti 
ftometirnen ievi*nd animids w‘ere offereil at once up<m the mime altar. In 
btirntmfferings, ev«*ry |iart was to be retluced to aH!n*s, aiul heius* particu- 
lar care wii» ret|iiirml that ilie fuel shouhl b<* liry an well as in almndance; 
otherwiie tint muss of fleihiuid juices might extinguish tlie fin*— a ciretitii- 
staneo that wi« deemed very inauiuicious. It was also cus{onm-r%?’ lo uoiir 
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no provision for a fresh aupplj. jBtssi(le.s, as the rupiul was expt^lltah the 
higher would th (3 remainder have to Ini raistul, aiul <*onst‘4ut!nt ly unh\sa the 
air receivcul a correspoiuling increase ot ttunptu’uture tlu* diH<*hurgt‘ from 
tlie vase miglit ceum. 

Had it not been for the Spiritalia, W(i should iu*vt‘r have .suHpe('ti»d that 
air was made to perform so important a part in aiicnent frauds, n<u* that 
its expansion and contnu'iion iiad laam einphjved to riiim* liquids. Not- 
withstanding the high opitiion which history gives us of the philosophical 
knowknlgt/of old prit'sts, W(» .should hardly liavt* sunnistui tlint they had 
the art of applying this subtil fluid so ingeniously. They seem, ht>W(*vt»r, 
to }iav<‘ ra,nsack<si all nutun* for <ievices ; ami to havt‘ become hituiliar 
witli tluj principhns upon which the most vaiuabht of our arts and Uiie 
chinery are based, Astniuomy, acoustics, <*hmuist ry, opt i(’H, hydrostatics, 
pneurnaticHj ami hydraulics, were all pressed Into their service. M%urn 
tluMippiicaticuii of as a sourci* of motive forci*, did not escapt* them; 

so that had their energitvs been devoital to tlie dt‘veIopunuit of useful me- 
chanism, the world would probably havt» bemi imlebtetl u> them for the 
steam tmgine itself. 

What wonders would an insight Into tht^ tdd temples Imvti reveaimi ! 
To have had an o|)porrunlty of inspecting the machinery, m*w and idd— 
ta have been pn^sent at tin* eonsultations of tiit^ prie?rK««-.witneHHe 4 l tlieir 
private experiments"— iieard ilitun <'xpaiiaft* <m the <iet‘ecfH t»f dus ^hndee 
and the. pcu’fect, working of that — *sugm*.sfing a wheel here and a spring 
«.I() havt* lanm present at their coustdtations respecting the suspen- 
sion of wat<’r in d'ufia’s sieve, and witncsscil the (amgrntulations exchimg-' 
ed at th(^ eclat with whitdi that ami many other trials came cdF, i\’‘c. 
would hav<* naule ns acupiaintcd willi diHcoveries both in science itml 
mechanical combinations tliat would tlinuv some nualern inventions into 
.shade :—dhjt 1 lie tremendoms evils which tlndr im|»ostnre» indneed rem 
dered ciua'eaiment on tin* part <if the priests imiispensabhi. Kx|J«snre 
wonld not (uily have (*ndangcTisi their wealth and tnfhietice, but might 
have hnl to their extermination by an oiitniged and plumh^red ptaipltw. 
launa* the vtn! of reiigiem was interposed tti seretm the tgauaitorH and their 
appaffitus, and inevitalde leafA vvais the eonstM|uence of undue euriosity : 
witness that cjf Alritlur, a female of Tlndaes, who imlieuied the orgies <if 
Bacclnii, and was represente.d by the priests uh having been elmngml int«» a 
imt ; a ficti<ui of theirs, most liktdy, to eonceal their having taken her off, 
/Epytus might l>e atlduced as imothtu* ttxamph^— ht^ forcibly mitered the 
tfunph^ of Neptune and wmsintek hliml by a stuthbrn <TUption eh sat i -mater 
from tin* idtar ; probably sulphuric or luher ueid iocretly ijectecl liy ihe 
I'lriests. In this clmpun* we liavo seen they had flit! tntmiis of doing tins 
by tiie tliiiitation of air within the cavities of idiit,r». 

We slifdl conchnie this chapter wdth «oiri«! reiimrki on the Bpirkulm, 
a work that hml mori* influeimo in reviving the stud^ of hjcirodyniimica 
in modern times, than any other. This littki book, like 11 rivulet, smit its 
gireams of knowledge over all Burope in the sixteenth century. It 
gtimulated, if it did not crmiie that spirit of invtwigfuion and experimeie 
till research wliic-h timn cmnrneneed iiml has continued iinimpalred to t!it< 
pres 4 !nt time. It %eeum to have caused an timiiual degree excitmnent. 
rhiiosopiiers, chemista, and pliysiciiitm, tm w^eil iia engineers, if lust rated 
their writings by its problems and figures. Ihirtii, Ib»cau«, Fludd, and 
oihora, avowedly transferred its pages to their works, wlulc many writiirt 
with lesi ciimior find ititfenulrv made use of it witlmut iicknowkdff- 
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Cmlents of IIerfm\f Sjnritulm. [B 

The Spiritalia formed but a small part of the wriiiiij-s of Hen 
all of dienr reached our turn's, we sluniid havt! possf'ssed an aim 
feet system of ancient mechanical philoMo|diy. He wnUt' h* 
clepsydra, automata, dio[)trics, war inachint'rY, engines ftn* 
weights j and an inlroductiou to iiKn*huni<%s, which is said to ha 
the most complete work on the subjeet wliieh tht* aneieiits pt 
Taken as a whole, tlu^ Bpiritalia st't'ms nit>re likt' fin' manniil of an 
magician than any thing tds<! — a cthleeiioti of decH‘|»ti<ms with i 
cesscis by which they wt're matur'd. In it Heron, instead^ t»f a| 
in the character of a philosopht?r, rather assumed (pi'iinips ft»r am 
or to ex[>t>st^ the frauds of thi' Kgy|>tian hierarchy)^ that of a 
of Isis, initiating an acolyte into tin^ njvsterh's (»f his profeHsitn 
numerous as ar<i the dttvices tlescribed, tFn'y dtatblless ffuineil but 
piirt of thost^ which eonstituted tlm aetivti and etlicienf; capita 
Egyptian priesthood. With tint exet'pthm of an It^yth'iuilit! aial 
organ, a syring<5, fire engtiu?, ftnmtain <»f eompresHitm, tliree lai 
two eolipiies, (aiul uiost of which were also uhihI for nnw«»rfhy p 
the wliolet may Ijo consi<lereii as a text bot>k for ct»njun*rs. Of llte j 
six rtrobltuuH contaiiMHl In the !>ook, twelve relarit to tht» woi 
prcHiigies at th»! altars, by air tlilafed t»y the lieat of the siiennl fi 
as already notuuHl; upwards tjf hn'ty relate to Harriheial vhhvh, 1 
cups, magic pitchers, &c. In itmnt of these were concealed i-ai 
which ihtJ lh|UHi was retiwtu'tl «>r dischnrgeti, by cioHing with tin 
a minute o|>ening in the handle* Water was pt^urtnl Into some n 
gavi5 out wine, and twf remL In these we have a solution of t 
by whii’h water was eJianged into wint^ in tln^ ft'inpte i*f fliicrhu?^ 
7t;h of January at tin* annual finist of thet god, as inentiiUied hy PI 
otln'fH wer<! disguis(*d partlthum ftu'miiig vartuUH efuiipariments i 
diOi'n'Ut liipiids wtu*e retuiinHl, uial all <iiseJiargtHi at one innfs 
spech's of ihnu' or four way coek) so that tlmso in the st'crei cou 
wint% «dl, or watt*r, at phtusurc* ; besides many <>fher mtrrii rtan-rii 
old authors name* tle*in. J'hcrt* is we think lummg them abunii 
delicti that <mr solution of 'rutiids miracle of t'arrying wafer in 
was the true one. It is prtihabh^ that in smne (4'thf*se viiaeii, spec 
the old divining cups may be fount!. 

The ingenious reader will n«u repim* at ttiir i«*if*rting ii i 
of a lustral vase. We have aelectml this ljta*ati»e it iiliows i 
chanical as well m hydrodymuiiiciil devices wm*e ildi»pted iis i 
re(|uire<L It shows also that the m<ab» rtf iricreiiiing or diiiriids 
pressure of a valve tc) its seat, hy a loaihs! lever, i« in the safety 
a stmiin engine, was known-'— a circaiiustiuice lliiitiiiiiy lie deemet! 
6ignirn*ant liy somti persons; but itlleiuioii to sticli little ihiiij 
©nablas us to arrive at ctirreci estimates of an ancitmt device, ain 
ingenuity and fertility c>f eonc,eption of aucieiit deviitr*rif. 

Most rmulers are aware iliiit /lo/y wairr wiw derived froifi tliii 
heathen, Wln‘n a worshiper was iditnit to enter the leiitple, lie 
l®d himself from a vase of it placed nenr ilie iiiiiriiiice. On mmm 
la^ oocRsknis the people wer«! S|innk!tal liy prie-its, (Heo iiii exu 
page 196,) Tliose wim ctdebralt'd the Kltniiiiiiait myiteriei wei 
cuiarly re<:|uired to wash their hands iti holy witter. In the tidd^ 
liqttid was a source of ctinpiderfible profit to rntiiiki, nnd it %% 

a custom for clerks tuwl nehiihtm Oi hawk if far Eraiti liar 
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cliiltFs money box provnUni with a at the tep, thrtnti^h uhirh a eertui?* 
snm was to he pnt befori* (Unier eouhl receive nuy t»i the purity iup; 
contents. In the vase i)i‘fore us /ivt* drat'hmir, <u’ hIumii Ne\ t‘iity -iivt' 
cents, were re(}uirt*d, and it wiU he pen'eivetl Innii tlje ron.'^Jrurfiitu (il'fhc 
apparatus that tm It'ss sum <*iud<l pri»<*in*<‘ a drop, ullheui'h as much iiaTs* 

initdif he put in as the d«uuu* theueht pr<fprr.*‘ 
d’he d<‘vict' is it wry neat ,spe<uiuen td’reHuhucH: 
iriu’enuity, and tin* mure m» ^inee if rejpured uu 
nttendinit mitdster tu keep it in play. W <• 
tuav jutlp;e ui other appurafua helunidni,!' tu ihe 
old temples hy the talent ilisplayetl in ttd'i, A 
portiiin t»f the viise is reiiiuveii in tin* tipure lu 
show the interim*. Near on*» ih lauui a 

cyliiidricid vessel at A. If is tins unly tliid 
contfuneti wafer. A sniall tyhe allaehe^t to ihe 
hottiun is eoniimteil throurth tin* side vioa* 

at «, where the litpdd was disi'liarped, The in* 
fU’f orifice of the lube was formed infi.» fhe »seal 
of u valve, the ptu|C **f hirh was lived on the 
lower end td’the perponduudar rod, u|e 

per end was inumet'ied hy a holt lu the horu' 
Nti. 17 H. Am'ioit %%ott *»r '/,i,nfal lever or vihrafini..^ beam IP (ho* md uf 

U is Hpreitd out into ii fiat dish and nu arisu 4 o*ti 
as to rt‘ceive on its surfaermn-ery thinp <lropped ihrouph the lilit. 1'|ie 
hwi»r turns on a pin tu* fulcrum very inut-h like ii pump hainlle, in 
prr'sented. Thi* operati«»n wall now he nndtu’Sfooth A«i itte Weifiht of 
th(' rotl kept till' valvt^ cloneti whih* nuthlnit resital U|if»n tli«^ hrrmd tuid of 
rht^ h*vei% so no' liipiiti cmdtl eS4*ape; hut if it. nutnher f»f roins iif iiiflirmiil 
weiu'h^ wuu’c dropped tlirouph tli*^ «lit upon the end of Ii, the viifve 
woultl then he opent»«l ami a portion of fitpiid iv^riipe at fi ;■«— llie iitiaiility 
flowing out wotild liowevfu* hi^ very mniilt, ntu only from the ronlriieied 
here of the tu!»i% Imt from llm fact thiit the valve wotdil he «ipen only a 
moment; f«>r its the lever heeume inclined from its hori*/.onlid ptention ihi- 
pieces of money wuiultl »lide tiff into the mims itcrumiditied nt II, and fin-' 
efUux wtnild as iptickly he »t.t»ppott : the iippiiratiis would then l*e nuidy 
to supply ihn next miitomer on the ^iime terina. i'hiv rerudidy %viei m 
Bimpte iind ingenious ii rnodii of tleuling mu lk|uid:« it Wir« ti profmilile 
luie, and iifler nil wrii not Imlf io demoraliting m the reiiiiliii|| «.»f irdeiii 
8{'nrit» in mod,i»rn tirruts. 

One wotilt! iuppose the |iuhHciitit»n of imrli ii work nt lleriiii^i 
taiiii. muit Inive heen w dislimtiTul to the of itiicieiil lerfitilei, 

as Home of luitlier** writings were to Leo X unit liii aiiticiitfi m li«i 
V aticim. 



» III M|nunlra, liuf. in vn-fii mifriflcti injerin <pi»|iie iiBittwntaie 

sci iiW|H!rg«mhiin f^pirtfntia, xxi. 
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On Steam. 


CHAPTER III, 


On steam: Miserable condition of the great portion of the human race in past times— I 
for posterity— Inorganic motive forces— W onders of steam— Its beneficial influence on m 
—Will supersede nearly, all human drudgery— Progress of the arts— Cause why steam 

employed Pots boiling over and primitive experiments by females — Steam an agent i 

gies— Priests familiar with steam — Sacrifices boiled — Seething bones— Earthquakes 
Zeno— Hot baths at Rome— Ball supported on a jet of steam, from the Spiritalia— 
eolipile— Steam engines on the same principlet— Eolipiles described by Vitruvius— Th( 
Heraldic device — Eolipiles from Rivius — Cupelo furnace and eolipile, from Erckers- 
tions of steam revived and patented — Eolipiles of the human form — Ancient tonures- 
Puster, a steam deity of the ancient Germans— Ingenuity of the priests in constructing 
Supposed allusions to eolipilic idols in the bible— Employed in ancient wars to projeci 
fire— Draft of chimneys improved, perfumes dispersed, and music produced by eolipil 
gerin of modern steam engines. 


If we contemplate the past history of man, we shall find 
few insignificant exceptions, the entire race has been, as it w 
to support an existence surcharged with misery. From the 
riods of recorded time, we behold the great mass slaves to s 
despotism which a few crafty spirits entailed upon the specie 
tism both mental and physical — to subdue the body and enth 
— political and ecclesiastical despotism. To the neglect of m< 
tion alone, these evils are to be attributed ; for in every age n 
the same elements of prosperity and of happiness. The e 
treasures have always been at their disposal, and the natural 
the human intellect, have probably always been the same. 1 
provementof these capacities by culture, and their degeneracy 
that make all the difierences in men’s condition. The horrib 
of the myriads of human beings who have passed through i 
ceasing and unrequited toil, were owing to their ignorance, a: 
tyrants of the earth have always labored, and still labor, to 
uninformed that are subject to their sway. Ignorance was t 
gine by which the most atrocious systems of tyranny, sup( 
magic were established in ancient times ; and whose influe: 
yet done away. 

But within the last two centuries a new era has opened vi 
‘prospects for the human family at large, than has ever yet d 
it. An era that has been ushered in by the discovery, or rai 
tion, of a new motive agent, viz. steam. The wonderful e 
this fluid has been made to produce, are so creditable to tbe 
lect, and so fraught with consequences of the highest in 
race in all times to come, as to excite even in the most i 
emotions of stirring interest. Steam is changing every thin^ 
tMng for the better. It has opened new sources of soc 
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ntellectuai energies of our nature tluiu any tiling eke; find has imparted 
i vigorous impulse to them, as well as to tlu^ ustdui arts. Ah nil ;Hi» 
mntages derived in modern times from steam imiginated in attftaptM to 
'aise water by it, wo need offer no apology for iiuinlging iii huuk* prrii^ 
ninary remarks. 

What a proof is steam of tin's stores of $>Uf(u'e forces that am in h? * funid 
n the inorganic world I Fences that can rendm- im inealeuhthlr sinnir.-, 
f we would but optm our eyes to ilett'ct, and e%«'rt*ki* nnr fia-rfdi- i lo 
unploy them. Who could have* HUpiiosisl two eenfttrH*H a?psthaf fin* 'bfi 
>l(^ vapor of wat(*r would <*ver be used as a substbum fbr buinan e\itn iiuu", 
Old sbovdd relievt^ man from a groat portion of thi* phy^ioal foil tuidor 
vhich ls<^ has gnnuii'd from the beginninir of the world f 'ffiat if 
.rm him with a powi‘r which In irrerdstibh*, luai at tho siunr tmio tlio nuv^^.i 
diuiit- — oius that cun ujiroot a mounridinuml yof bo ctinirullotl In a idnhl ! 
►Vho could hu%a^ tAen imugiiuai that a vomhoI of [Huhiiif wafor Hhotdd iue 
mrt motkui to macinuery in evruy dt’parrmonf of tho arr.^, and bo 
(juaily adapted to ail— should spin and weavo rhroaibi bno hh f|io»o of fli#^ 
fossanmr ; and forge tons of iron inf*> singlt* bar« with abuHnf oi|Hid rapi-* 
iity and ease— rake water from mineH, in sfroamn ot|ua! to ri^rr-'i; mul 

iXtract mountains of mineral from the bowids of thi^ r'^rfii- •ibonid 

iropel carriages, such as ta» lutrseM cotdd tm^vo, with the veUieity of u jud ; 
nd urgi^ ships of evmy cIuhs through the <*ceain oi both of uoid-i 

,nd waves — Hhmdd Ik^ tin* laenuH of ciretdioing kno%iioi|oi- at rho pnee ,4' 
easte pap<*r, and of awakening- and .‘aiimdaung' tho moioal 4-4|tiit'<er 1 
•f men ! In a wt^rd, that a linlr aqueous l apor *dmnld revolnOoni'/o ihr 
irhole social aiul ptdtfical c(»nduion of and final altor ha%niii» ds»n»* 

il tins, that it shouhi prt»isibiy give plants in ollew agonf*i, ulill ti}*irr 
►owerbd and Inntefirial, whi«‘h j'-iuence iuhI i-driervatton Htetidd ilnoHivrr, 

What a priHif is Mfeiun of the high dewfiny tlnif. au abs our «|»eiae% ! 
die most iervld imig.dnafivm cannot reali'/^e the hniwirtanre of ilnwe di'ici-e 
tiries in scieraa? and the arfi*, <if whieli il In merely fim hinu’ysmer ; fli*i 
rst in that new eiitalogm^ of miiiivi* agents that are ordaiiit^d to rfiange 
m condition of mt*n, and fo re'generaie the earth; for all fbat t% v*-i tlnar 
! but iw the twilight that uhIiiwh in fh»^ orb of day. Iluherfo tnntt Icti 
mm compiiralively asleep, or in a niate reHmiibling if»-.iirtrieobie of the 
ich inheritiincai mmicli the <*reafor Imn placed at his di.HpMH 4 l ui iho flats 
c Huuk, and oftlitnr aiIii,|itation in intpari mtuion to iwiwy fspocii-i of ifie, 
iianism. How few pin*Mmiii are aware thiit ihe grand iii%-eniisgi of 
npartbig motion to 11 pisrori by raeam and tuher eianfic llmd^^, m ih*^ |iiv*ii 
n which the chief aftidra tif ilo^ world m dearine*! htweafler in tiirii I 
aid the time is tint difitiiiif. wdim, by iiifnimi of u, fh»* laienf energy of the 
a«cw, or other properiiiti of inert nsarier, will 'iti|ief??ed#% m ii ig’cal d*^* 
ree, thi? ilrndgery of perform nearly «dl llie- hilior whir'Ii fhe 

ones and sinews of mir ^pecit'^fi have liiiherio btam ilcioiinal fo nrcoiepli-di. 
‘Inwe an* perHonn, liowiwoT, wlireai mind^ biased l»y flie eferir-d l»ofid=st‘e 
i which tin* iniLS?i itf otir race hiia alwiiys Imen held, who will niatile 
: the idea of fhi* whole beriiiiiiitg an infidligenf and higlilv iundh’ri o:iJ 
:>dy. lliey ciifiiiii! coiirrti%*e liow" tin* affiurM of life itn* to be CMiifecied 
-the execution of iiiintinerftlile worlia which the eonilifufion of «f*riefv 
apiires should be perforifi**d, if f lime helnta become fret*. Mur c^n flewg 
m any oiif% HeritiiHly titdiere finit ihe idbvvi^ie and beiiev.deiu Freai.ir 
mid possibly Imvi* inleuiled llnil. flie liigheaf, cI<i??h of biUfe*ri w-|oel| lie 
M niaced iiii ltd'll ol;iti*iev.^v,.f I'ii. fifllv * 4 ;* i #4^ ?* f fi # ' I Sit t ® -^at. «#' 
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food ; — and undergoing privations and sufferings to obtain it, from wbicb 
the lowest animals are exempt Assuredly not. ^ Had such been his 
design, he would not have created them with faculties expressly adapted 

for nobler pursuits. _ . ^ . 

It is the glory of modern science, that it calls into legitimate use 
both the physical and mental powers of man. It rewards him^ with nu- 
merous forces derived from inanimate nature, and instructs him in the 
application of them, to all, or nearly all, the purposes of life ; and even- 
tually it. will require from him no greater amount of physical toil, than 
what conduces to the full development of all the energies of his com- 
pound nature. It is destined to awaken that mass of intellect which has 
fctherto lain dormant, and been all but buried in the laboring classes ; 
and to bring it into active exercise for the benefit of the whole. And for 
aught we know, the “ new earth^f spoken of in the scriptures, may refer 
to that state of society, when science has thus relieved man from all inju 
rious labor — when he will walk erect upon the earth and subdue it, 
rather by his intellect than by the sweat of his brow— when the curse of 
ignorance will be removed, and with it the tremendous punishment that 
has ever attended it. Then men will no longer enter in shoals into a new 
state of existence in another world, as utterly ignorant of the wonders of 
creative wisdom in this, as if they had never been in it, and had not pos- 
sessed faculties expressly adapted to study and enjoy them. 

There is no truth in the observation of some people, that all discoveries 
of importance are already made ; on the contrary, the era of scientific 
research and the application of science to the arts may be considered as 
but commenced. The works of creation will forever furnish materials foj 
the exercise of the most refined intellects, and will reward their labors 
with a perpetual succession of new discoveries. The progress which has 
been made in investigating the laws that govern the aqueous, atmospheri- 
cal, mineral and vegetable parts of creation, is but a prelude to what it 
yet to be done — it is but the clearing of the threshold preparatory to the 
portals of the temple of science being thrown open to the world at large 
There is no profession however matured, no art however advanced, tha 
is not capable of further improvement ; or that, so far as we can tell, wil 
not always be capable of it. If an art be carried to the utmost perfectioi 
it is capable of in one age, discoveries in others will in time be made, b^ 
means of which it will be still further advanced ; for every improvemen 
in one has an effect, more or less direct, on every other. 

The benefits already derived from steam, then, are but as a drop tc 
the ocean when compared with those that posterity will realize for ii 
such great things have been accomplished by it in one century, what maT 
not be expected in another ? and another 1 It has been calculated tha 
two hundred men, with machinery moved by steam, now manufacture as 
much cotton as would require twenty millions of persons without ma 
chines ; that is, one man by the application of inorganic motive agents cai 
now produce the same amount of work that formerly required one hun 
dred thousand men. The annual product of machinery in Great Britain 
a mere spot on the earth, would require the physical energies of one hah 
the inhabitants of the globe, or four hundred millions of men ; and th< 
various applications of steam in different parts of the world now product 
an amount of useful labor, which if performed by manual strength woulc 
require the inc.essant exertions of every human being. Hence this grea 
amount of labor is so much gained, since it is the result of inorganize( 
forces, and consequently contributes so much to the sum of human happi 
ness. Now if such results have been brought about so quickly and b^ 
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steam aloao, what may not be expeetetl froiu u, mul t»tlu‘r m’aafurm 
iu ages tx) come, W'luai the prt»grt‘ssi\i‘ of r\x*ry art ?iiul 

eviny 8cien<;e shall iau'c i^rougiit ti> light iittr tnily^«jfh‘*r mjt'mH *»t iln. k'mt}^ 

but more (‘flicieut means i‘mphwiiig thepi I I hrn* ih um *nul fii the 

beneficial applications of tlu* m motiv*' apautfs, an4 ip. ImrjM im thr 

p()wer to bethu-ived from them. As long us rain falls nr rivor. il^w 
while trees (for f\iel) gnKV, or ininiu-wi ci*al in founil, man ean ihu » w irfi 
a powiU' that renders Inm aliui'st tunnipotenf. 

The (pu'stion may be iiske<i. why was nof ela-uir f »rr*. nf 
(uirlicjr us<‘d as a sourt'e of' motive pt»wer I Beejniar, its we *’^1 be- 

fore, nnm neglecteil to employ tliOMo ptwvera <*f reflect a »n and inicnfiMii 

whicii (bul had given tlnun. It ccriuinlv foriinal no part of rht* i*re4ier*,h 
plan {>f gt)verning the worlti that they Mhonlil have »io lunp rr'imuned ig 
norant of its a.|)plieatuiin He 1ms placed miur at the bead of i-rcarion and 
furnisinai him with powers appropriate to Ins po-afiMo, Hvrjy objeci m 
natun; he can fiu* gtaal or tor e% il. they are fbt* inaiftaal'* Iroin 
wdiicii he may, a« lui ex|>ert mHchinist, fdatcate m will all ifmf Inn wioUa 

cmpiire : he may prostiinte them u* the niiacri«“a at Innc'.rlf and hci lel- 
lows ; or he may m’glect them to thf 'injury of alb Ir. tu the order of 
nature thatlun' iattmt resources shall lie tliMcovcred and a.|»plied by r/^/necii/ 
fTM*uyv/i, HeinU! HOtmMit tht' fme.'4 hpccimeija «4 tin* i b'cafi.»i''’!( w cidMin 
can only be ap|'>reciatt?d after careful atudy, a tact w in* b la lescll a pi'^Mf 
of his wisdiun aiul bemdlccuce, ’uuce clicir rcuH/atJon i-. fines brid hiii 
as an iudticement to iuve uigate diiuu. 

Htt*am has ni* cotirse bciu} icUic«'d ov»*r -aiire the beafine t.f w-.iicr aicl 
boiling of vicmals were practiced, d'he dady ca-cuircnrc oophi’d In tlic 
expr<‘ssiun the pot boili o\cr'' common m iiufedibnoiii a*i in net 

<it*rn tinu'.H ; ami Imt wafer tints rsetcti was one of caiJie.tf c*l«ervrai 
fkct.s coimcctcti with flu' evttlufittu of vapor, From alliemtna m ibe fimti 
ancit!nt writin^pt, we may gather tbitl the phiuioinemi r’ v.liibtl»nl by 
W(U*e clitseiy observed of olti. Thus Job ut dewrtbmg bevialliaii alliideK 
fr> the pufls or volumev that isaue from ujidiu* the taivi^rs tti'bMilmg vci^’^trln 
** By his tieesiugs a light doth »biut% and bis eyes are like the ey*dubi i«f 
the morning ; out of Im nostnbi goetb ?uuoke ('wteaiuj lei otu mI'.i 
|> ot or cauldronf* In the early tn-e i»f the ven^^el.n hnf iiamial, and l.»c!Mrr 
experience had rendered the luanageiiient of iheiu r-ny and ?5ate, feioaica 
would namrally endeavamr to prevent the- ici^ioy C'w||t*-iil's of ibro' pof-t 
from flying i4F iu vii|»or ; hence ntfcinpi'j to CMufm** it by cover-ij inpl 
when tht‘se <|id not hi, luiificieiulv i-lorse, a cloth or "Htme nimiiar ^oilitliinre 
intt'fposed hefwr;en if and fhe edge of the* v«'?i*-irb would readily orciir ; 
find a stone or taht^r weight |ihiced upon the fo|i Irrp o/l iig^i moiilil 
also ht? iauy liiuwnil. Then it?i the fluid began agiiiii to etc»jii\ fiirilier 
tdibrfs wiiiiid be iiuide to fi'tiiin it liy additional winohiii, In thi^ 
ihuditleH?! iiuifiy a cwnlewl waa kept irp liv'tweiui a pot iilid iti* owipo', lili 
one gained fliti victory ; and we ntoat not the lesfiinony of Id'^iiuian^ 0 -. 
def**rnunc which fids was. In fho^e fitneH it wm iiol geii«*raliy knowai 
lliiit a iMJiling ciiuldron remained « spirit, ifitpiitielit of ronlrMb fbai ifr 
vessel was the gciierafor nn irremstible power, and fhe cMi,«'r a nabay 
Vfilv«^ ; finij lluif. file preuerviifioii *»f the r*»nie'iif« mid llir -s#*ciiiify of 
the operator depended upon leHiiig till' rover idt*ii«% ur n«4 uicrlirtiiliiig 
it :"--henci* it. im itoiibf otboi bapj.*ened that the |■•o|^f^o«'d v 4|»t a- f hfiwv isill 
ihw ronleiit?i wdlli vd*dr'iiia% iind iheit it Waa fhuf priiniim- I'.iMloi lir||5iii If# 
I'Mirceive that lliere wan deaili m w*d! um life to a bmline imt. In lliii 
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Tlie domestic exhibitions of the force of steam must have excite 
attention of mechanicians in every ag’e, nor could its capabilities of 
coming resistances opposed to it, have escaped them. Thus we fin 
experimenters are almost always said to have derived the first hint 
a culinary vessel : hence the Marquis of Worcester, according to a 
tion, had his attention drawn to the use of this fluid to raise wati 
witnessing, while a prisoner in the Tower of Tondon, the lid of a 
thrown off by the vapor — but the anecdote is of much older date 
was applied to many others before his time as well as since. Viti 
illustrates his views respecting the appearance of springs on moui 
by a cauldron which, he says, when two thirds filled with water and 
ed by the fire, “ communicates the heat to the water ; and this on ac 
of its natural porosity, receiving a strong inflation from the heat, not 
fills the vessel, but swelling with the steam and raising the cover, 
flows,” &c. (Book viii, chap. 3.) Such occurrences are nature’s 
by attention to which important discoveries have always been ; 
Even when people in former limes were injured by the explosion 
cauldron, the misfortune should have been considered as an indicati 
nature to employ the force thus developed — and also as a punisl 
for having neglected to do so. Nay, we don’t see why such occurr 
may not, in this view of them, be providential, as well as 

lar ones, which theological writers avail themselves of, to estab] 
similar doctrine. 

' There are intimations that the elastic force of steam was employe 
several people of antiquity, but the details of its application are un 
nately not known. Some relics of its use, as well as that of heate( 
are to be found in the deceptions practiced by the heathen priesthooc 
application for similar purposes was continued till comparatively mi 
times, for it was the animating principle in the eolipilic idols of the ir. 
ages ; and, from an incidental notice of some experiments of a Greek i 
tect, it is probable that the trembling of the earth, and other horrors i 
rienced by those who were initiated into the greater mysteries of ar 
worship, were also effected by steam. Artificial thunder, lightning 
the vapor of inflammable liquids, and unearthly music, were product 
its means. Some of the tricks performed by the Pythoness and he 
adjutors at Delphos seemed to have been matured by it. The fa 
tripod against which she leaned is represented as a brazen vessel 
which a miraculous vapor arose. Steam was one of the agents of d 
tion in trials of ordeal. Those persons condemned to undergo th 
boiling water, were protected by the priests (when it was their ini 
or inclination to do so) by admitting a concealed stream of steam int 
lower part of the cauldron containing tepid water — the consequent i 
tion of the liquid and the ascent of the vapor that escaped condens 
presented to the ignorant and unsuspecting beholders every appea; 
of genuine ebullition. On similar occasions air was forced througl 
liquid in the dark ages. 

Ancient priests, both among the Jews and heathen, were from 
ordinary duties necessarily conversant with the generation of steam, 
elastic force could not therefore escape the shrewd observers among 1 
Sacrifices were frequently foiled in huge cauldrons, several of which 
permanently fixed in the vicinity of temples — ^in “ the boiling places 
their locations are named by Ezekiel, “ where the ministers of the 1 
shall boil the sacrifice of the people.” (See an example from ITeroi 
at page 200.) It would seem moreover as if some of the boilers 
made on the principle of Papin’s Digester, in which bones were soft 
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by ‘high stoam’ — at any ratonilistiiwtiitii i^ nmih^ hi-twrcn liilitr I ), 

and cauldrons, and from tho rrmniHT in wlnrh Inuh ar«* rhcv 

seem to have been dcHii^nod for tllftbnnir ; tiu* ruriiu‘rr<i 

or soften bones, the latter to lunl tin* dr?ili irt nnlv. ^ ** 'f'brv th,. 

passover with fire, but the other utibnu^^s md they in pru h and m r.iul 

droiis.” (2 Ohr. chap* jcxxv, l.'h) “Set on ii |uu, it tuj, -led iu'a» 

pour water into it. (tatluu* the pie<'e.H thereof into it, even eieiy -'m,*.! 
piece, tiie thigh and the .shoulder ; fd! it with the rlioito^ bone i, 'F iko 
the clioice of tlie flock and burn jt»r hinip| ulm» the bioteii uinler if, us d ntakv 
it boil and let tlietn AvrMc tk*' /mm‘s of it tbfU'eiti.** (H/>rk, \ \iv. :i, od 
The ojunion of the .It^wn having elone ve.H-iei*4 in wldrli rdtuno TiU-ted 

hightu' than in cotiuaon eauldrtUiH in idno rendered probable from faet 
that th(^ (JliineH<% a ctmleinporary people, eniph*y ^imnlar om-^, nml ulor'li 
from their tenacity to aneient deviet'S have probably b«‘en ti*»ed by t’nein 
from tinies anterior to tbo%«' of the prtiphet. (Ihuvi^d (ddiienr, n, 271. 
John Belfs Tra\mls, h -Hhi imd it. Id.) 

Similar prttcesHes have been eonttnoit with ehemi.fifsi in id! aj^en, in the 
making of extracts, luttl sometimes in preparmit loot!, ‘bhere iin r\» 
ample in Ihntifs Nftifirtd lie lells ih pn the xm on doitil 

latiou) that ho \nm nmumnl peimms at the point of de;tth to ht-idth by *' an 
essence extracttnl tuit of flesh.*' He thrrrts three f«* l>»* dre'r'.rd 

and boihal a whole dittf in n *dH*ei ve-rsel ehor umd ihr und 

flesh and ail the suintance be tliM4oIv«'d mi** lupno.** 

Sonnt of tint ancient philo.sopln'r-'i, clone obirr\ri'i ..f MiOiirt-, 

compariul tin' tuirth to a cauldnm, in which w aim' in lienfed by nsfrifi..d 
fires; and th(*y t^xphuned the pheinonon^ tif enriinpnikei fiy ticsomoi 
lation of sfeum in Nuiirerraneoni c.iveriei, until ii.n elieuic imio'yy rend-'i flio 
HUjicrincumbent Htrata for a vi>nf. \ ifruvui^ lij il the e.%riiirfiri» 

of iioiling spring*^' dw of Ju-sfmnm, Anfheini«?i, mi iirclnfeet iiiiii 

mathetnaticiiin illuHfrateil .?ievefiil naturii! pfiimoiinmn by it; tmi ofihia wo 
should prohidiiy never have heafii, hml it not benn for a ipnirfel lieiwrrn 
him and his next door neighbor, Zeno, the rlieforirian. «.»r.iiior 

appears to have inherited a ronwidersdilf' nhare of credulity and puperTfi 
tion, which gave his iinfagonint the advnntagtn Anihefmufi, we nr*' no 
formed, had icverid sieiim boilei'H in the h*wer part nf hn hetun*', !i,cfi 
each of which a pipe convi^yed the vnpor abn%o% nnd bv mfodiai.oifin 

of which no account ha-i htn^u preijerved, ho tdionk the htm-se ef Idfj 
as by a real iiarihr|uakt% upon wdiich the fi'i|ditened Zmn rmilied in the 
senate ** and deckmliii a tragic ntyhMlmt a mer*^ niorfid miwt vod*! lo 
the power of an ntilagonist who ?dn*t<|i the mtrib wdili tltii triiie!ii t»f 
Neptuned* 

There arc nmions for believing iliat; ilie i4icpan»iive force iif llie nhmm 
which was evolved in beating the iinmenae volnmc^t t*f wuiir-f frir the Ip*! 
bath.s at Rorne, wiii employ #*4 to *deviite atnl dciidiarge the roffteiit»i ef ibi-* 
boilers* Sir W. ilell hm given, m ld*« IbunpeiHiei, ii rr*|ireMUiiititoii af ^ 
set of ciitddrons belengiiig to ih«i Thesunie, nt, Romptni, ibuivetl fi'Moi mi 

pressions left in ihi* tmirinr or reme-nt in which they w«*re embedded. If 
would semn ihiif .several verier or licH were iHecf, eurb coinru,ii:c' 
cloie boilers (in Hhape uof unbkti ffiod«''rn «tilb4d plared direcflv ;iiid 

oormectml by pipes lo eitcli oilii-r. 'rin^ niiinniu* in wliich thev e. ♦ mii. 
ncicted is not known; iJell Bays by ii specira of’ *ap|**»ti, d'ln- |ttWf»«i 
boiler was file liirgCMt lind wax piaectl tlirecfly over fhe fc'nu'f; fhi* 

arrangement wiw «ncln flmf. wlooi itnv i»art i*r iho iitcl:}. *' 2 o, ii*. 
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this last being always kept filled by a pipe from the aqueduct or castel- 
lum. Remains oftlie pipes, cocks, copper flues, &;c. have been Found in 
abundance, but the details of the lieafiiig a,pparalus and those connected 
with the elevation and distribution of the lifjuid have not been ascer- 
tained : this is to be regretted because, froni the number and magnitude 
of the hot baths at Rome, the operations of boiling and dispersing the 
water must have been conducted on a scale far more extensive tlian any 
thing in modern times — the most extensive breweries and distilleries 
not excepted. Some idea of the operations may be derivcul from the fact 
that a single establishment could accommodate two thousand persons with 
warm, or ratlier hot, baths at the same time. Seneca, in a letter to Luci-. 
lius, says “ there is no difference between the heat of tlie l,)aths and a 
boiling ftcrnace and it would, ho observes, ajipoar to a reasona})le man 
as a sufficient punishment to wash a condemned criminal in them. The 
persons who had the charge of heathig in close vesstds and distributing 
daily such large quantities of water, must necessarily have been conver- 
sant with the mechanical properties of stcjaui, and with economical modes 
of generating it. In some cases the water was heated hy passing t hrough 
a coiled copper tube, like a distilUir’s worm, whicii was (unbedchul in fire. 
We have previously remarktul that die Roma.ns also heauul water by 
making it pass through the hollow grates of a Furnace. (See Pompeii, 
vol. i, 19G, and Gelf s Pompeiana.) 

Be.si(los the various application.s oi' heated air and of vapor already 
noticed, there is in proldem XLV of Heroifs S[)intulia, a description of 
a close boiler, from the upper part of which a current issues that supports 
at some distance above the boiler a light ball like those that are nnule to 
play on jets of water. (See the annexed figure. No. 179.) The whir- 
ling eolqiile, No. 180, is the subject of problem L — and is thej etirlieat 
representation of a macbinc moved by stmun that is extant. It consists 

of a small hollow sphere, from 
which two short tubes jiroceed 
in die Hue of its axis, and whose 
ends arc bent in o|)posite direc- 
tions. The spheres Is suspend- 
ed betweim two columns, their 
uppm* ends being pointed and 
bent towards eacli other. One 
of di(\s(; columns was hollow and 
conveyed Hti?am from tlie boiler 
into the sphere, and the esca,pe 
of the vapor from the small 
tulles by its rtuicUou imparted a 
revolving motion to the s})here. 
These two applications of steain 
have been considmaid the result 
of a rortunat.e random thought, 
which Heron, or some other old 
mechanic, stumbled on by a .spimies of cbance medley, whereas they cer- 
tainly indicate an intimate though it may l)e a limited acquaintance with 
the mechanical properties of that fluid. We should never suppose that 
this elegant application of the jet to sustain a liall in the air was the fruit 
of a first attempt to use steam, much less that the complex movement of 
the whirling eolipile was another thought of the moment. Did any 
modern experimenter in hydraulics ever hit upon the suspension of a ball 
by a jet of water in his first assays, or devise Barker^s mill at a sitting. 


Eolipilos, from Heron. 
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vitlioiit having ever btNird of ISt> niurt* rhau auv tdd nn*rh4hii*i.ti} 

iver invented the above before experiineoru! «iu .-.fi-.iiii had 1,,*^. 

lamo familiar to liini, if nt)t to Inn iH-iuli'.-i, 

)cen within the last haif eentnrj not Joss tliaii halpi ih^v.vu /•^.Or-zafv takru 
m for rotary stcuim <n}gines idendral in pruo-iph- \mUi thr w la-lui.. 
solipilo. The faet sovim to be* that Honm m-lrftotl thv fv, m *!»■'. 
J)ove, on the same prlneijde as the rent id the iliu’nranMirs i. «*. mji-U n‘> 
n lusjndgnunit wtudd i>e thi' im^Ht ^ 

Frtuii a remark td’ \dtruvtus in tlai first Iniek td' hi’. Arrluteetnri% i*h,ip, f'», 
ve lea,rii tliat. thosi* portable* sft‘am inaehiijes iiaiui*d Kfdipi/ef, itVinn Ivdiej 
he god <d’ wind, ^tiul their applie.ition fo eri'ati* ariifii’ial \% ind*v) in 

:ommon nse in his tinnn Speak!n|:( td fh»* f»»wn of Mytilene, he itbra«r'Vr:i 
hat tluj inhabitants w«‘re subjian to mdds, in those sea-noe--. w iirii I'er- 
ain winds blew ; anti whieh might liiivit been in seme ilegri-e ii^isobsl 
>y a morts }n*op(*r <iis|iosition id tin* Htrei-c-n ” \V lud, | he reniark-i j ei only 
. curn*nt td* air, lh»wing with uiaa*rlidn int»ti. *n r—n arrsen tison the ari.mii 
•f lusit itpon iiunstnre^thi* ^ ndejo'e tt! the heat toMani; i»tn the blsia!-! of 
,ir. That this is tin* fan, Me M'O.IW re/i)»i/fa: mak»* evident V — tdr the 
tratiouH of tin! heavens am! naf are may be di-a-MVer<«d le, the of 

.rtific/ud machim*s» tirt^ ia^iinh' o/#i/ httrr m .v ntu 

'om aperture^ hi^ itkk'h thrii HH' Jiih'ii iviih ttmi thm phi^-J. un the 

%re t'^hvforv thtp tm'umi" /iof, Mry rmit KpUnvui ^ imf ok -fSf 

)egiM to hoik they xvntl Jkfih t$ vi’hvmrnt \ . ueer-n 

mve imt'U inlaptt**! to u rtreat variety of* pnr|'»M',r-,, ir. ur-il a-, b.-me; infi 
ntitelv eomn'ctetl witli tins part *d onr ’iubjerf, u*- •.hai! j^an-e ilunu %*. oh 
ioine d(*(aii. Front the times of \ ifrnvuis to tbo-a'. ».!* l*.o1e'nao«| lip 
,o tin* pres(*nt ecmtnry, they have been used as plidofiMphirid in^iniineiifs 
o illusfratt* the nature of winds and mefeor'*, as wrdi as for tsithttf #ra'Ui 
ifnt pursnitM* I'hey were lisial as »iiib^dlnles for bellows in bhwi Idnno* 
u*s and ordinary fires. The dmlf t»f rhiinneys wm iiiereased i*v iiorans 
d* them. Idmy were made to |trodure ftiusir and dr^per^e perlhsiir's, 
fhey eonstifuted the diifillini.^ ves'ji*!s of the HlehunmiH. and m ai^«nhrr 
brm w<*re einplojf*d Its weapons of war, and une even deified m thf^. 
'tmm idtdM of oiiL They %V't*rp die first insfrnnirmfs employed to rane 
vtAter by sfwnn, and tin* first to iirmliiee- inotiMn by d ; and" hems- ihev 
muHtitute the gertit t»f modern steiiin eiipme--i, to whodi wr mav add ih#i! 
hey h.*d to tlui iiwnuiiimi of ivieam giin^, fSi-e Martiifs l*hilM'ai|i|iv , vi»|. 
i, 90.) They lire eomiiionly iniid*^ of irtm, brasn, ».*r ftfroni,^ re|»per* litV' 
ng a siiort neck in wliieli ii \*vty iinnuie opeimii,^ made, {n orde’r h* 
charge one with wafer (or other Inpiid) ii va plared on a until ^l»'*^trly 
•od hot pit is ihrui liiken off, fttn! the imrk phou*d m wafer or llie whole 
slungi’d in it, wliieli, m tin* rouls, tiikes ihe plaeo of ihe air tlriieii 

nitjjy the henf.. It. is iheii rilsieed on a bne/ier of rliareoal or tulier lire 
i^til^ steam is rapidly evfdv*sl iind disebariied with violmiee at the ontiviv. 

Vitruvius Inis nm niruiiioiied I'liiriieular pitrp*«es for whirb e./opih-i 
veiH! nsml hy the IloiiiiiiiH. it, ig howinuu* llial they were- fur 

)loyi*(l fis lielltHvs for exeiting fires j and m tim %mn not for waoi of ihe 
attc*r insfrimiefir,fi, ihity iiiiisi havi^ find |irt»perfifes whieh remhu'ed iheiii 


® Balk flinrini iitt jets of wai^r nfiil mtr, wmt « favurif** art'»nu|3iUomrti! of" iii« «lii 
tarcl«n wairr w«rk«, «ml liyilrawhr ttrgmm, %%**. ofliah. wfirre ili.- lias 

ni®n in I|S« Minn* ilie «f ifit* ICn|itili|ir ; tIm aniiorMicui nt'*ioi.b*ai with iim# mi 
ha 1‘inlii of tfiharwi i»r r**eik iS in iittiliiiion !? : fhr rnftrtii .Air 
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preferable, on some occasions, to bellows. One perhaps was tl 
pying little room on the hearth ; and another, their requiring no 
to keep up the blast. It has already been observed (page 21 
human bellows-blowers formed part of the large domestic estal 
in ancient Egypt, and Nos. 103 and 104 of our illustrations 
some at work in one of the kitchens of the Pharaohs. The pre 
probably common among all the celebrated nations of old, and 
that it was continued in Europe till the sixteenth century if 
To supersede these workmen might therefore have been one r 
the employment of eolipiles. 

In a Latin collection of Emblems human and divine,^’ (Pragi 
there is a device of one of the old Counts of Hapsburg, whicl 
of a blowing eolipile with a stream of vapor issuing from it, 
motto Lcbsus Juvo. (Vol. ii, 372.) The same device is also g 
treatise on Heroic Symbols^ Antwerp, 1634. Hence this ancier 
tic instrument was adopted on such . occasions as well as the 
syringe, watering pot, &c. 

Pivius in commenting on the eolipiles mentioned by Vitruvius 
those in use in his own time, (A. D. 1548,) and gives several figi 
which we have selected the first three of the following ones. 


EolipUes, fromRivius and Cardan. 



No. 181. No. 182. No. 183. No. 184. 


Pivius names them “ wind holders’’ and fire blowers.” He 
were made in various shapes and of different materials, and v 
‘*to blow the fire like a pair of bellows.” Some, designed for c 
poses, that will presently be mentioned, were made of gold or s 
richly ornamented, as represented above. At a subsequent per; 
sixteenth century. Cardan gave a figure of one. (See No. 184. 
Porta and other old writers also describe them. The latter, in 1 
chap. 3, of his Natural Magic, speaks of them as used in houses 
fires. Sir Hugh Platte, in 1594, published a figure and descr 
a rounde ball of copper, or latton [brass] that blows the f; 
stronglie by the attenuation of the water into ay re.” 

Bishop Wilkins, in his Mathematical Magic, (published in 164 
of eohpil^s as then common. They are made, he observes, * 
such material as may endure the fire, having a small hole, at wl 
are filled with water, and out of which (when the vessels are he 
air doth issue forth with a strong and lasting violence. These 
quently used for the exciting and contracting of heat in the w 
glasses or metals. They may also be contrived to be serviceabh 
dry other pleasant uses, as for the moving of sails in a chimne^ 

tnf* motlOTl nf mNaxr tnvmnfy n-f* o erxi 
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lap. 3.] Smelting Ore miik tke himt of an Eolqnle, 



\{\B Mundiis Suht£rrune.m^ Wa flo not rt‘!rit‘nibar to havti 

}t with a figure* of lui oolipile applhul tc^ tht‘ funiug (»f glasn <»r inoCaU 
cept in the* Aida t^nhfemmm of La'/.arus hlr<’kt‘r« (or Mn-korn) on Mo- 
hirgy, puhiiniuMl in iunnniui, in 1672, uial whi<*h, liko tliaf of A* 4 ric<jla, 
illustrattHl with uutiuu-ouH tnifs. "Fho author wan i^nporintoiuioui of iho 
IK'S of JIuugary, (lorniany, and tho I'yrtd, umlor throi^ Minporor^ and 
; work IB Buid to contain ovory thing nt*ct*Hsjirv to ho knov% n in thi^ 
laying of mtUah’. The anntixeel figurt' is ec»piiMl fnun the fifth oditiini, 

(wldi nof<*s) ptddiHinai at f^'rankfort on 
the Mayn, in \71U\. Ii, is named .Minr 
tM/fhm* kngvl tiari/m tramr isf, trird 
nhersjtiirr gt\svkt, und an ufatt bUnm 
himdHtign gnhraafht ^ and hi re|u*t*‘*otif«Hl 
IIS mnehing copper t»re in a enpelo fur* 
nace. Krektu's has figured it tv^dee-— 
at |iageH I and 136. 

It is tiof a litfh’ simpdar rlnti thin 
nmde of inereaMing iln^ intendty <tf 
fires hy a jtU ot Hteiim directed info the 
ioiruing fuel has receiuly Immoi pafeiit- 
ed hofh in this e’ounfry and Murope. 
It does not. hi»wever appear to inivt-* 
ijfjHweretl the* expe<*ratiiUri fiuined of 
if, since it has never eoine iiUo |,p‘n«*rsl 
U.sf% nor are we aware that it is nt 


). Jgr.. HimSnnf w wall Uw M«i »r *01 riresent eruidtiVed at all f wo olivi* 

KiiinsK ^ ^ ’ i ' 1 

ous di?icr«»pnneieii hetwusm ancient and 

ahu-n applirattoiei of sfisun for such |HirpoHes may here he not iced » wiiiee 

*v will, wt' think, nreount for thi* fiiilure of the hitter; luie is in the 

:un* of the fui.d-» ilie other in tin* tem|H^rature of the Idiwt. In the tdil 

iipiies, file sfeain, having hut. a vi^ry mtntire pitsaitge through whicti to 

sqie, was raided to ii femperiifurf* which far exceeiled that, wlurh is 

neriited in oriliiiiiry afeniu migine hoilers-— «the vaptu* was perfectly im 

lihle, and its esrii|ie only known hy fht* sountl of the Idust, anti its .»*th*ct 

the fire. But in late t^x|»eriments the currimt consbited of stisuii loaded 

til moisture— II iiniss of iMpitnius glohnles pounsl info the fire, insteiul of 

j raridiisl and giowniig aura that rushtH.I with sindi imptuuou.s vidocity 

uu eoiijuli^s. Tile |iriwnu-fid idfect of the latter on fires of wood iiiitl 

fircoiil w uiii|in*»titiriith!t% l-uii the results of siintlar hlasts on oflier kiiiili 

fuel (iwntoriecniill Iniii not. yt^f we helieve beitn sufficiently nscertiifiiuL 

lother dilFereiictt' cruisislisf in the dimeimhum of the voluinefi of the 


ciiii* ffiiifi iliif eoIi|d!e wii« aniall lual C4tmpiict~llntl.. of the 
ler large iiiid difliiit^ ii rireuiristiinct^ that may aectmnt still further fur 
Mliflerent reitih^; fiu* it uliotiltl he remeinhered that in using an eoli|-dle 
s nru the jet tiliitte that is impelled agaifist the burning fuel, 

t a vohiiiii* of {ifffifwplif*rir uir ii iiU. in motiofi tiy the blast and rarri«sl 
t> tin* lire idling wiili if : ilie siutw thing takea place in using a coioffioit 
lowi, more uir being fori.^ed iigidnst the fire than what i.ssues from ifie 
mh; lUifi lienee iin: itie velofdfy of file jet from tut e*dipde wiw iimclt 
mter and flit» jel litreiller tliim those of modern appliciuion^ of 

am for the piirpreitg n mucli larg**r propnrtiot* <»f air \%*iw ttliiti 

rue iiloug wiili if, It h pro! .Jde that on particular occiisioiis ihti ».ti. 
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says that ckarcoal wHch has been wetted gives out more heat than tin 
which is always kept dry. (Nat. Hist. B. xxxiii, cap. 5.) Dr. Frye 
speaks of “ water cast on sea coah' rendering the heat more intensi 
(Travels, Lon. 1698, p. 290.) 

If there was no evidence that eolipilcs had been moulded into varioi: 
shapes of men, animals, See. wo might have concluded that such was tb 
fact from what is known of the practice of the ancients. Whenever tb 
design, action or movement of a machine or implement corres|)()nded t 
all with those of men, it was sure to resemble them in form, if it s vise coul 
possibly admit of it. The taste for such tilings was universal in forme 
times, and is to a certain extent indulged in all times. It seems inhe 
rent in savage people; liencc theur grotesque and monstrous statues or idoL 
speaking heads and other androidii of the old mechanics. There has i 
fact always been a predominating disposition to imitate the human form 
and in accordance with it, eolipiles wens made to assume the figures o 
men, boys, Sec. the blast escaping %om the eyes, mouth, or other parts c 
the figure. Even so late as the seventeenth century wo are told that “ t 
render eolipiles fmre agreeahky they commonly make them in the fon 
of a head, with a hole at the mouth.’^ (Ozanam’s Mathematical and 
skal Recreatiamf English translation, London, 1708, 419.) It was ii 
deed natural that these machines should be made to resemble figures o 
the god from whom they were named. An old one is described In th 
Encyclopedia of Antiquities as made in the shape of a short fat mo 
with ver^ slender arms, in a curious wig, cheeks extremely swollen, 
hole behind for filling it, and a small one at the mouth for tlie blast.” 

Most rt^aders are aware that tenures by which lands were hold in tli 
middle ages were often based on the most trifling and ridiculous cons 
derations. Camden has noticed a great number in his Brittannia, and i 
the description of the county of iSuflblk, there is one which seems to hav 
had rtderemee to the employment of an eoliplle ; but whether it had or no 
there is in Dr. Plott’s History of Shropshire an account of one of thes 
‘‘merry tenures” in which blowing the fire with an eoliplle formed pa‘ 
of the duty required. The instrument was of the human form and th 
signatad, like many other dorm^stic utensils, by the soubn(|uet “ Jade, 
“Jack of Hilton, a little hollow imago of brass, alauit twelve inche.s higl 
with his right hand on his head and his left on pego,” Maim the Jinii 
Hilton-hall every new year’s day, while the Lord of Essington drives 
goose three times round it, before it is to be roasted and oaten by th 
Lord of Hilton or his deputy. In some accounts it is stated that tb 
image blew t\m fire while the goose was roasting, wlilch is more probi 
ble tlian the other. The custom is supposed to have boon continued i 
Hilton-hall from the tenth or eleventh to the seventeenth century. Th: 
image is cousidtjred by some writers as an ancient idol. 

From the above use of eolipiles it will be perceived that there is 
similar analogy l)etwcen them and machines to raise water by steam, c 
between pumps and bellows ; every device for blowing a fire haviiAg r)ee 
used to raise liquids. 

It will readily 1>0 imagined that those Iflowing images offered too man 
advantages to escape being pressed into the secret services of dm templei 
even supposing they did not originate in them. By charging the interic 
with different fluids the results could l>e varied according to circun 
stances, and if an inflammable liquid was emjdoyed, as oil, spirits of wim 
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old priests to €oncc?fil» luul wh«‘Ji rseirtmlmma wu-i iiiipmrfitMh!** r,? 

troy their apparafiiH, sijfoo ihi-ir lu-uinm-rv hav*- cmim,- 

In the fifteenth or early par! uf rhe •aMriTifh i’vnuirx, un v^diinlu' s.|m| of 

the ancient (hjrrnanH \viis iuyiiakiiu.:' ainii** -hhi m 

believe still extant. A it in iiiHrrird in lin* w-iunir 

Montfaucon*s Antifpiities. Jt in initd** «4*a preulinr b-n r*t’ br.-i./r mat 
is between three ami funr iet*t iii hriylsi, nmi tin* b»i iy luo ami u h. m 
circumference. Its uppearauee very ummuflt. It m uiibeii! 4i .e-*irv, 
with one knee on tlie gnnaal, tin* rie,ht Imml en fiie bead, and liir" h-ii, 

which is broken off. resteei tipim the fliit'h. d*be v.wity- Ihr ili*.* ia|ni4 
holds about sevtvn ga.!!oiis, ami there are cwh .tpeiuiie-H tbr tin' ej;r,4pr uf 
the vapor, one at fin* inonfli amt rite ether in the hn'ehead. Then?' 
openings wert? stopped with i»f «eHMb ami ti^' pue^ii had s«refr| 

moans of applying the fire. IfyippeiirH ir»un Weber and tahi'r tfeiiiiiiii 
writtU'S on tht^ Hulijt'Ct that rhia ide! %va‘i iiiatle to 


ooianeieihle'. 
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:)f the deity it rtnmeseiired, wifli a view r-.t exterth.^f 
:;es frt>tu. tiietkiiudecl \vor^»hip|ier‘i ; ami that the li»|nid e ri 
Wlien the demands «»f the prienf ■. uere u^t rran|»li*a.i oh, tie- 
was expressed hy swinit (.Hieainl iiM'/ini.t iVum .dl pasf^j ,o‘ h:. 
fthe people still reiirtined efiilnraie. hm Ihry Keeane- rfi'. :.-h 
)ellt)W'ing8, and even thnnderbolr'i (fhe weeden piut-v. 
lashes ov streams of fin* nr>het| fr^ni hi-i nn.»mh aud hr ad. 

:io was tmvidoped in r!imd*i of' uoeke; when thr- |»r.*j.:r, a 
xmsentml to comply with the rej|ne^3tiNier It oj ver\ rii.irrt iu^m the 
tccounts that the prieHii hiid the loeito'* i-f’rapidlv mr*. rr^nse/ , 

ng tli(^ iiuensify of the hro, the tlwptrtMr .n Mf’ihe ^mir.shipprm ?r>jH^ie4 
h(^ idol^to expnyiH approhiiiion e.r di**p]en%nre. )t lhrtl.i*‘r » fldii 

nonks in the rnidille agi*,^ wiide hhv ef ihei idMl. and hmud a n.e the ym% 
‘fiectiml of their wonder^^workiiH:' loaehmea, |f Ha«i m (mt m imm- 
lOr chwfly that tlie great bi«ly mI ere|e'jm.tsfif‘.*> ihmi nminiamed thr if m. 
uence over tin* iimififmje. The v«'fy mmv devieei wJeeh fhmr |nedii« 
ossors had found elleetual in the ieiiiple». ef « imrm, tdere^i, at.d }|,m rhnt, 
;^ere niptated; ami aurli iniitgeM i.f the heatlirjj and 
ad escaped deitruetion w'*ere roti%*erfe I inn* ileoe i.f Thn-o-an ^,.unu 
nd kiing rti|min^d were iimdn in perlhnn the a.ooe mn'arh-.. 
ad done iMjItirti in tirreee and lUmtv. w«*. havr 

bserved, went tkiii ihii mmi enpeii fiir*:h:-,i.n-e4irs, and ..f tlinr 
mat ekhorfmi firmlnclioiri %%*ere innt-.tSiMn., uf .innrm andioeli; 

10 speiikiuff heiitli Ilf liieoiu ll»*herf of Linroin, lierhr^i and AiOerliti 
wocruwidered proof* «f tin iiiiermeiri,e hr-iwren ih«nr 

^ul spirita, M iiiiieh no im in ihe rm^^n ef Ihphena iind tldin, «iit| 


lagiciaris of old. 

Ilni name cdktie Clerffiaii hie ia written diilhreiiily i Ihrtirr* i»losier 

lustench, llneitard, lltiaii'rirh, are nil mu%pn given i«» ii and the drjif ii 
presents. IIki mmin ii ^,.44 |„t derived IVmiii the i.'eih 

> tn\ II liidliiwi : iliii ^lmw% 1!^ riiiiiierleui %Viili lie- 

a ke blower; mid n i-i pimhaide ilml iKuii ihe.e eelipdn- .d-/. i||„ 

rm //W m/!, “u {in.i,.|(,i,,r t.» i. „ 1 1), 


povanx. An. Puiii-r.} 'fJii. auruHti .iDinn uImI vva., A. 1), i.im , Ii 

Lf ill lii« idrf !•*...« I' ....... , 


*4 Hniiderliau^en, where 


r safe kcHipiiiii in ifm Ihrirv^ 

I the kit rtmiiiry. 

How mnguliir tlmt nu-mu 4i..u!4 l.uv.. 


i! reiiruJiefl i|i|f* 
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in ignorance ; wHle it now contributes so largely to enlighten and ber 
mankind. These instances of early applications of steam make us re^ 
that detailed descriptions of the various apparatus have not been preser^ 
Many ingenious devices were evidently employed, and although we c 
demn the contrivers of such as were used' for purposes of delusion, 
cannot but admire the ingenuity which even these men displayed, in 
hibiling before a barbarous people their gods in the most imposing n 
ner and with such terrific effect — in making idols express by means 
steam approbation and anger with the voice of thunder or the hiss 
of dragons, and causing them to appear and disappear in clouds of sm 
and sheets of flame. 

It is probable from the antiquity of these idols and of eolipiles i 
allusions to both might be found in the Bible. May not such express! 
as “ the blast of his mouth,’’ ‘‘ the blast of the terrible ones,” the b 
of his nostrils,” &c. have reference to eolipiles or steam idols of o 

Their molten images [says Isaiah] are wind and confusion.” Hosp 
bly receiving a traveler into the house during a storm, and protect 
him from the inconvenient heat of the fire when urged by an eolipile, ? 
be alluded to by the same prophet in the following passage : “ Thou 1 
been a strength to the poor, a strength to the needy in his distress, a 
fuge from the storm, a'shadowfrom the heat when the blast of the terr 
ones is as a storm against the walls.” The expression * terrible or 
probably referring to the hideous forms into which we have already s 
those blowing instruments were moulded. Eolus the god of winds ' 
represented “ with swoln cheeks, like one who with main force bh 
a iDlast, with wings on his shoulders and a fiery countenance.” I( 
were always made of a terrific form, and are so made by barbarous | 
pie at the present day. When G-od is personified as hloioing on the ^ 
is there not an allusion to these instruments % 

Eusebius, in the third book of his life of Constantine, says that w 
images were subverted, among other things found in some of them w 

small faggots of sticks” — perhaps the remains of fuel employed to r 
steam in them.^ 

From the observation of one of the early travelers into the East 
seems that eolipiles were employed even in war and with great efl 
Carpini, in the account of his travels, A. D. 1286, describes a species 
eolipile of the human form, and apparently charged with an inflammi 
liquid, as having been used in a battle between the Mongals and 
troops of Prester John. The latter, he says, caused a number of hoi 
figures to be made of copper, which resembled men, and being char 
with some combustible substance, “ were set upon horses, each havin 
man behind on the horse with a pair of bellows, to stir up the : 
When approaching to give battle, these mounted images were first i 
forward against the enemy, and the men who rode behind set fire by s< 
means to the combustibles, and blew'- strongly with their bellows ; and 
Mongal men and horses were burnt with wild fire and the air was d; 
ened with smoke.”^ Supposing these eolipiles to have been char 
with alcohol or spirit of wine, they must have been (as we see they w< 
of terrible effect, since, as modern ex;periments show, a jet of flame f 
each might have extended to a distance of twenty-five or thirty feet. 

Besides blowing directly upon or against a fire, eolipiles were emplo 
to increase the draft of chimneys, for which purpose the jet rose peiq 
dicularly from the centre of the dome, as in No. 181. One or two st£ 


Peter Martyr’s Commonplaces, Part ii, 336. Kerr’s Collection of Voyages, vol. 1, 


Chap. 3.] 
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inffon the hcartli ami hy fltt^ firt% olom* to wltit-h ilwy woro plartn!, 

the vapor rushed through thi‘ urifiee ami tlrovo the hiooIu* holhrr it ; njjJ 
at the same time iucluft*i! a etirrent <»f atruosphene air to IuIImw in tlio 
same direction. Sometimes those designed tor this |>tirp«»s«‘ Imd n handle 
or bail to suspend them over the tire, as N<». IKt, several mivu-m 

domOwStic customs sclii prevail in Italy, and nunn‘rtum etilimiry find oflirr 
implements found in Ilenudatieum anil Pompeii are similar fo dio-ie new 
used, it might be stipja»st*d that some relies of i*olipiies and ilieir U'*ie>i 
would be still met with in that eotmtry. The supposition has lieeit \eri- 
lied * for wc are infiU-ined that thi'st' iustrumeniH are, t>r wen' in fhe 
sevenUHUith etmtury, ** eommonly made irse of in Italy to^ rure fntuuiky 

chimneys, for btung htmg tiver tin' fua*, the blii.st arisin*:' from fhmn earrie^i 
Up the h)it(‘ring smoke along with it, and again, ** nti eulipife has firm 
sometimes placed in a eluinney where it can he hisiteil, tlte vapo-r of w Idrli 
serves to drivt' tlu' stnoke up the ehimney.'* 'fiiis nppiicaiion of sfeaiii, 

will Ih^ p<*reeived, in j^itiniar to that luudy iidopred to inereasr* the ilraft 
of chimneys of liaaiinotivt^ tuirriages. 

llivius mentiotiH anotlier U-HO ot etdipilea. He tfiiys ssuni' wtoa* fiiinir 

0f gold, silver am! other eo^^tly tuetals, and w'ert^ fdled withga-rnfed 
water, *Ho cause a pleiiaant temperature, to refresh tin’ s|nrit and rrjoiri' 
the hcuirt, imt ottly of dii^ liealihy hut also of the sick/’ He oh':.riHa*^ 
that they were used fi»r tb«*He purpo*..t's in the ludls am! ehambern of the 
wealthy, ilhenatms, an old iterimui wriftu*, wl»o tlied in minnora' 

ting the treastires helongmg to the amuent <diurrh at Menf/., in.rntir<tH 
ooliplles in the form c»f*’ rulver eraties, in the h«dly of U'hieh w a'l pul fir#'** 
and which gave out ** a wwreie ?>itvonr of prrfutnr.s liy the oprn brake.** 

Seneca has observed that perhim<‘H wnu’e sa.mefimes dtHHeiniiaifed in the 
amplhtlu'utrr^s, by being ini'ved with iiitding wafer, so that flie odor ftme 
atid was diffused by t lie steam. \Vi* learn fnun Shalueipriire ihaf iierritiro 
ing room.H wiih common in hi’i time, the neghug of rleanliiiens midm-ing 
sucli operations ntu'essary. ft is probabhi' that lie refers to the same pro- 
cess as tluit mtmtioneil hy lUvius. ** Being entertainml for a perfumer, 
as I wuis smoking a rootn,** ittia aimut ,Ae//ihiif,** drf I, Xr/ie U. 

Eolipiles wau'e also employed to prodnei* mmde. fly adapfin!^ trime 
pats, flutes, ckrirmets, and oflou* wimi instrufiients to flu* mo-k or orifire 
of one, they were souniled IN hy eurrents of air, 'rini a|ijiln-^oion of 
eolipilc*H is jirobidily coeval with their invimtion, h bi indeed luily it- 
variation ol fhe supposed fini'd*-ai apparatiN of the MemniUiiaii Sfaliir, 
and of the devices desfrih*'d by Heron. All thi^ i-ild \vr;lers on eohpile* 
mention it. Flmhl figures a varb*fy of iiHtrumeiits itumded by eiirreiils 
of 8t(uim; and Hivius, till'er noiiemg the use of eo|ipile» for blowing firei 
and fumigating rooms, ob^i^rves *"they are also imnle to produce ftiiHie, 
the steam passing through mafs *»r organ pip*‘*f, so in ti* miifie asitiriish- 
merit in those wli«» have no idea tif mich wombnlul f«perafiofN.” Iterberi 
applicM-I eolijulf^s in pkre of bfdlow^ to sfuind an orunn tit lllitufiis in fhe 
tenth ccuuury ; and the itNirtimeiii acetuahng to Willtiifit t»f l^lulin^bnrv 
was extant, two liunrtrefl years iifterwaiab, (I hiring tli*^ iiiid'ille' figes, 
the chti rch meri Were the only orgun milkers ; itiid even so |.ee as fhe 
sixteenth century, thev refained tfie maniifiefure chiefly in il rir tiwn 
hands: in tlm Iiousehofd book of Henry VIH. mention is made of two 
payments of ten iiouiidii eitrh ttj John, or ** Sir John, the org.tn iiotkef/* 
of whom the ediior pay.fi, * it is ulmosi certain that lie %vHi ii piir?if/| 

The preceding notice r»f tadipile.s isf flue to tliem as flie true gorrii «f 
modern iteiin eiigiti**i, fir surh they were, whtuher tlic lairer be roiiiiiier* 
edas devices for riiiting wiiter rmlv, or m machintis itt move fiilieri. %Vt> 
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Ajp^lications of Steam. 

liave seen that the oldest apparatus moved by steam, of 's 
any account, was an eolipile suspended on its axis, at om 
and engine, (No. ISO) and we shall find that the first atte 
water by the same fluid were made with the same instrumc 
all the early experiments on steam were made with eolipile 
first steam machines were nothing else. 


CHAPTER IV. 


Employmont of steam in former times — Claims of various people to the stoam < 
of steam as a motive agent, perceived by llogor Bacon— Other modern inventions an^ 
to him — Spanish steam-ship in 1543 — Official documents relating to it— Remarks on 
paddle-wheels as propellers — Project of tho author for propelling vessels — Exf 
in the sixteenth century— Jerome Cardan — Vacuum formed by the condensation of 
Alchymists — Experiments from Fludd — Others from Porta — Expansive force of sten 
authors — ^Interesting example of raising water by stoam from Porta— Mathosius, C 
Device for raising hot water from Pocaus — Invention of tho steam engine claimed by 
Nothing new in the apparatus of Docaus, nor in tho principle of its operation — Hot 
Boilers with tubular spouts — ^Eolipiles — Observations on Docaus — Writings of Port 
in behalf of Docaus untenable— Instances of hot water raised by stoam in tho arts — ^Mi 
Discovery of iodino— Ancient soap makers— Soap vats in Pompeii— Manipulations of i 
Loss of ancient writings — Largo sums anciently expended on soap — ^Logic of Omar 


It will have been perceived from the preceding chapter 
for blowing fires and for other purposes were formerly comrr 
quently that people were familiar with the generation of s 
high steam too, long before modern steam engines were ki: 
applications of this fluid to produce motion or raise liepid 
long period that intervened between the time of Heron ant 
don of printing into Europe, scarcely any thing is known ; 
be no doubt that it was occasionally used to a limited exten 
pose or the other, and perhaps for both. 

As the origin and early progress of the steam engine are n- 
nected with this part of our subject, tho inquisitive reader ^ 
to dwell a little upon it, although some parts of the detail 
directly to the elevation of liquids. 

From the important and increasing influence of the stet 
human affairs, a controversy has arisen between writers oi 
tions respecting the claims of their countrymen to its inventi 
acrimonious feelings have been displayed. This is to he 
fostering prejudices and passions which it is the province o; 
to eradicate — ^not to cherish. National vauntings may foi 
the creed, as they are made to contribute to the capital < 
but should find no place in that of a savan. Philosophy, liki 
contemplates mankind as one family, and recognizes no se 
ing. Neither science nor the arts are confined by degrees 
nor are the scintillations of genius to be measured by degz 
equator. As in the republic of letters, so in that of 8cien^< 
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o^raplilcal distinctions respcciin|^ the alituie ai' its citiv:t*ns should lie 
known. 

A few scattered relics of Injj^tniions men who fionnsh(‘d in th<» dark 
es are still extant, which H<n've to couvinco us that i'xperinunitul r(‘- 
[irches of sornt^ of the monks and other ardtmt impanu-s after knowhal^e 
those times wer(‘ mort‘ <‘xrensive, atid evinced a iuor<\ tliorouidi ac- 
laintance with tin? prim'iples of natural philosophy, than is generally 
nnis(‘d. dMie fulhiwint,^ rtunarks oi iins^er Ilanm are an instance. I‘'rom 
t‘tu we may safely inh*r that h<‘ was awan* of tlu* <‘laHtic. f*orc<* <»i‘ steam 
d its applicability to propel vesstds on water ami <*arnaot*.H (»n land, 
sat lie was ue([nainfe<i with f^tunpowder is ^nmerally admitted, ami it 
anid stH'in that neither diving bells nor snsptmsioa bridge's escaped 1dm: 
Mtm may (amstrum. for the wants of iutvipitit>n sueh maehinea that 
c ^Teat<*st vessels, direete<l by a sintde tnnn, shall cut through the rivers 
d seas with more rapiiiity than it' tlnw wer<‘ propelled bv row«n*s ; 
ariots may btt <’onstructe<i wbich, without horses, shall run w’idi immea- 
ruble HpiHul. Meti may couceiv<» machim's which coidd bear the diver, 
thout danger, to the depth of the waters. Men coidt! invent a nndtt«* 
[le of otluu* engines and useful instruments, sindi as bridges that shidl 
an the hroade.Ht rivers without any iut<‘rmeduir<* support. Art luis its 
unders more terrible limn thorn' of heaven. A small quantity (d* mutter 
oditcam a horrible explosiem, actsiuipanual iiV a bright ligin ; and this 
ly Im nqasited so as to desfroy a eity or tmftre battalitms.'’ 

Bacon wtis not a man to speidt or wrift' in this manner at ramlom. IBs 
pc/vV/nv/Av l(’d him fo the conelusioiH he has thus reeordmi, ibr In' was 
’ far the most talented and indt'futigable experimental philosopher td' 
i agt‘. Has diseoveries hoWf‘Vi*r were not undersf«u»d, <tr their im|nu'* 
jc«' not appnH’iiJti'd, for he was inq»rtst»ned ten years as u practiser of 
igic, Ac. 'riicre is a remark iti Ids fftanist^ ** on the secret worku tif 
:atal nature,"’ that is too valuablf^ fo la' <»mitted: he Hiiya a person %vho 
pt'rfecily acquaiufed with tin' manner that nature ohnerven inJitr apera> 
can not only rival Imf, aurfaem her. **'rhal he wins actpiiiititeti witJt 
) rarfjhrtiim nf air, and the structure 4if the air pump, is past contnulic- 
nf* lie Wtt« (gays Ih\ Friend) the miracle <»f the times In^ lived in, 
d the grrmreiit genius |>erlia pa for mechanical knowledge which ever 
pcamal in the world iiince Arcldmedes. The came-ra obscuni imel 
escope were known to him, and he has deacrihed the mode <d’ making 
nliug glimst's. Most cd' the opt'riittons now uued in <diemiatry are 
d to he dt'Hcrihed fu* miuifiont'd by him. A fleicriplttin of Ids liihomtco 
and of till' eKperiinents In* made, with a aketch ol the varioim itpparii- 
r employed, woithl have been infinitely more valtiitbie limn all the 
lumcH on acholiisiic diviniiy fhiit were ever written. 

In 1543, a naval officer tinder CJlittrleH V, h aaid t<i have propelled a 
p fd’ two hiimlred tfue-i, by ateam, in the harbor of llarculomn No 
umut of Ids rimcldiiery is extant, exeept that ho had a large eopper 
,ler, and that paddle winads werti «u«|)eruied over the* nidea <d’ tin* 
^md. Like all old in venture he refusml to explidri tho nmchanisin. l‘he 
lowing acconnf was furidfilit*d for puldtcation hy the mqiertntendcni id’ 

^ Bpanisli royal arrldves, ** iUtim'a de Oaratf, a eajuain in the navy, 
iposed in 1543, to the Finperc»r and King, (dmrleH tho Fifth, a minddne 
propfd largt* l«»af?-i iiurl alups, even in eidm wcuitlu’r, witluMit rairs or 
Is. In ^piie of flu* iiijpediifietiffi and the oppoHititui which lids project 

fisili f II*** « 4 ^1, it- I A a a .& t t'i # .* t li** if f t 4 ^4.4* 
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discovery : It was evident however dur'ue^ the experlnient. tiuit It 
in a larpe copper oF bollin^^ watt‘r, and lu moving wiunds uf 
either side of the ship. Tiuj (‘xperimeat was tru'd on a ship oi 
dred tons, called the Trinity, winch cairns from (.’olilna', to tii? 
cargo of corn at Jhirci'lona, ot wifuth de ISrar/a was cup 

order of Charh^s Vy Don Ilt'nrv ile the gtn ernor, Don 

Cordova, the rreasunn* Ravago, and the vici' chanctdlor, aiul 
of Catalonia witiu'ssed tlu' expi'nment. la the rt'portH nmdt' n 
peror arul to tlu* prine<*, this inga'iiious invimtimi was generally 5 
pardcnlarly on ncc<junt of tln^ promptnesH and facjlity with v 
ship was niadt; to go about. Idut trt'usurer Ravago, an t'nen 
projei't,said that tlu' vt's.sei eouhl he pro|)elletl two ii'agiU'M in thre^ 
that tiu' machine was complicatt'd and expensive*— and that, the 
1)0 an <'Xpo.sun! to danger In case tin? Inhier sluadd Imrst. 1 
commissiont'r.s atlirnu'd tliiit the vesst'l tacke*! with tin* Haiiut ra 
a gidley mamimvred in the* ordinary way, ami wmif at least a I 
hour. As soon us the expt'rinumt was made Caray t«H)k the w 
chine witli which he had iurni.she<l tlu^ v<‘ss*'l, leaving (miy tlie 
part in tht‘ arntnal at Barcelona, ami keejung all the rest for hin 
spite cd* Ravago's op|H»Hition, tln^ invention was approvetl, at 
t^xpeditum in wiiich Charles the Vdli was tiieu engngi'tl hatl not p 
ho would im doubt have encourageil it. Nevertheless, ilu' emp 
moled th<^ inventtir one grade, imult!! him a present, «>f uvt> 
thtnisand maravedls, and or<h*ri‘tl tlu» expi'iwe to he paid out iif 
8ury, and granted him Imsides many oilier favors/^ 

** This account is d(‘nved from the documents and original 
kt'pt in fin* Royal Archivt's td* Sirnum'us, anumg tin* commerci 
(d‘ (hitalonia, and from tiiost* of the military ami naval deparfi 
the said yiair, DTIM. 'riioMAn Clo.s 

Sirnum-as, August .T7, ISri/].*' 

From this account it has lH‘<'n itd'erred that xfrttm r/w.vc/.f were 
in Bpiun, being cmlv revived in imalern timen ; and that BIuhco 
should ht* regardmf as tln^ inventtn* <d" the first A'/o/m A 

the authenticity of the doetimenl is admitted and m» earlier t?x 
adduced, it is difUcult to perceive how sucli a ciuiclusion can In* 
at ic'ast .HO far m afmm rvm*i$ are cimeerned. It may appear fdiif 
this specimmi of unudianical skill should have betui inaf tired in t 
try; but at the lime referred to, Spain \viis probably the inofit | 
scene for the display id* such operatunw. Kvery one knows fh 
century hid’enn Columbus could ftml a patron mi where else. 1 
loss whic.h Charles .HUHtidmid in his fleet before Algiers the previ 
muit have convinced him of thii value of mi invention by w!i 
could be |>ropelIed withemt oars or sails ; and tlnna? Is mirliiiig iir 
ia suppoiu'ig the hms on that occaiion (fifteen shipii of war and - 
drtd and forty transports, in whicth inght tlious’iiid men pmm 
Otitflos biaiielf narrowly escaped) was one principal reiwoii for 
Oitfay to. bring forward his project. -M. Anigo, who inlvtH!iileti 
culkr olo«|uonce ami r.eal the ciiduris of Di^taois atid Papin, as 
of the Steam engine, thinks tin* docurinmt should lie ftet aside foi 
lowing reason! ; 1st. liecause it wag not priftfed in L^iri. 2ti, 
not auffiokntly^pmvo that steam was the motive iigt*rin :hL If 
Garay really did emolov a fileii.tri ir wavi ** si#*# inp-UtiH'r *,»! 
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jrves, ** manuscript documeuts canuct luivt* any vaUu^ with the pnltHc:, 
ecause, generally, it has no ineanH whatever i4 v«‘riiying tht‘ <iute as- 
;gnedtothem.'' To a limited eKfont this iimy he itilmuoaL Iver^piH'Uisg 
rivate MSS. it may be tnui ; but surcdy ajficial and natumai reeurdn likn 
lose referred to by tht^ Spanish se<'retary filumhl be exei‘pti-d. Wt^ 
ave in the eightli clmpttu* of tvur Third Book tpnitei! Ifirgely fnaa otllrial 
[S. documents belonging to this city, (Ntnv-Vork :) now tht‘se an^ pro* 
jrvcxl in a public olHce and may he «‘Xiiiuined to verily our exfrarf’* m 
^ell as their own uutinmtielty : uiui the Spanish reeonls we preiiinne su-e 
praily aocessil)h‘, and their aulhentieity may bt' iupndly estahlishetl. d‘he 
Lcre printing of <*ouid add muhing to their eretlibilify, althmigb n 

'ould all’ord to tlie pnblle greater hn'iitfieH td’ judging of their eiaima to if. 

0 far from rejecting sueli stiurees ol‘ information rospeetiiig the ariH tsf 
irnuir titnes, w^^ shoultl have stippostai they were une\ee|)tiona!de. 

jhitit is said — altliongh a boiler is menfit»ned, that is not Knliirieot proof 
lat was tht^ impelling agent, sinee tbert^ are various naiebines irt 

hich fire is us<Hi umim* a boiliT, witbout that Ibiid having any thing to 
:> with the operations : Well, hut the aeiaumt states that which really 
spears conclusive on tins point, vi/.. that this ve^iad rtmluineii ** 

and that llavago tile treasurer, opposeil the fadieine on the g:round 
lat there would in* an i'Xposure tit dnne,er “in the iHuier nln»nld 

arst;.’* As this ilanger couhi nut nrinv tn»m the li*|inil <aiijtrntn merely, 
It from th(5 accumulation of sfe.iin, (tin’ irreni .tilde of uhn li u .e«, 

1 ha.s becin ctbstu'Viai, w<*li known from the emplovm*'ni (d’ oolipdr^j) ji h 
aviouH (mough that lids fluid pmdormed an r-r.enfi d part in the i*prra> 

(ght*r vvtu’ds was tile fiouree id tlsi* ifaujve pfiu*‘r. Had it not 
.icii ner.(‘SSJiry, (»ai*ay Wouhi never bavi* liu'nijdied lu sf fiucb a platiHilde 
r<U.t*Kt for opposititin to bis |trojeef. If lia-t been also said *' if we W‘rre 
' admit, tiiat tin* mucidne* cd’ tiamy wiin set in niofion Iw afeaiig it wanild 
)f. neci*ssurily follow that the invention (steam engine j was tiew, imd 
-Jit it bore any reseinhiatn*** to tinea* of our dayf * Trut% hur it would 
least follow that (*aray sbould l»e considered the fafiier of Mfmm 
ilnm, until smtn* euriler and actual e*(pf*rimenf is pnaf need. Anno* fnrfln*r 
inks, ihiit if Cliiray uscil steam nt all, ids 4*nglne was the whirling 
dipiki (No. IHC))— *HHn*ry thing" In* oh*jerv«*s would Icitd us fe» helieve 
,at he employed this. We regret to .say there urr* bfrong olgei lions fo 
Lch an opmion. Tliat iin engine acting im tin* same principle of recoil 
; Herotfs «oli|nhi migAi have iieeii made fo propel a ve«*iel of f\%o luiie 
*ed tons is ftdndtti'd ; hut Irom modern experuiienfs with small eniiinf^i 
'tins dtmeription, we know ; 1st, that in tmler fo product? rlie re|iiirled 
suit, tlie eiiiHticity of the Hteifiii em|doye*i Mast hav«^ hts’it et|idviiienf. to 
pregHure id’ several Ilf iiiospheres ; imd :2d, ilnil the etii»riiic»Ufi ninsiitiijo 
)n of tlte fluid when used in one of t!ie.i-ie luigitiei* miisf. Intvc^ ri-iiiiireil 
dier It nuroher of itr mifi of etfr#mrdiiiary tliinensiions. Ilioi 

iiray employcfl Kev**nil boilers, fhe prinidpid tliilkndty woitiUI lie removed, 
he might t!nm have minli? ilietii «iil!icieiifly strong to rrsisi the pres-suro 
tins confined vapor; be however iHe«l but. one, and every pertain who 
.8 witni*Hse(l tin* operiiiioit of reading engines will inimit ibnf ii 
der could hardly have hf*en inaile to fiirnnsli fhe t^uaatifr^ t*f siram re» 
lired, at tJa* vfquisiit tirtirrt t>f 

As tim nfiture of lids SpiiiiiHh engine Is not. mimtlMnod, everv pvrmm Si 
tt to form his own tipinion of ii. We nee no dilliculfy in ndiidfiing ilfiil 
’ emnlovcnl thi.* itliiHiu* lort’o of oohIi u f,* ■,#! 
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devising modes of employing it, in tli© sixteenth as well as in the sey 
teenth century, notwithstanding the objection so often reiterated, t 
the arts were not sufficiently matured for the fabrication of a meta 
cylinder and piston, and apparatus foi tiansmitting the movements o 
piston to revolving mechanism. The casting and boring of pieces 
ordnance show that the construction of a steam cylinder was not beyc 
the arts of the sixteenth century, or even of the two preceding ones; wl 
the water-works, consisting of forcing pumps worked by wheels, j 
also numerous other machines put in motion by cranks, (and the it 
o-ularity of their movements being also regulated by fly wheels) descril 
in the works of Besson, Agricola, &:c. show that engineers at that ti 
well understood the means of converting rotary into rectilinear mode 
and rectilinear into rotary ones. 

Had Garay used a steam apparatus on the principle of Saver; 
Papinas, or Leopold’s, to raise water upon- an overshot wheel fixed on ' 
same axle as the paddles, we should probably have heard of it, since si 
a wheel would have been a more prominent object tlian the paddles 
the boiler itself. 

It need not excite surprise, that Garay adopted paddle wheels as j 
pellers, since they were, well known before his time, being of very 
cient date. Roman galleys w^re occasionally moved by tliem, and tl 
have probably never been wholly laid aside in Europe since the fall 
the empire, fetuart, in his Anecdotes of the Steam Engine, observes t 
the substitution of them for oars is mentioned in several old military ti 
tises. In some ancient MSS. in the King of France’s library it is s 
that boats, in which a Roman army under Claudius Candex were tri: 
ported into Sicily, were propelled by wheels moved by oxen. An 
cient bas-relief has also been found representing a galley with three win 
on each side ; the whole being moved by three pair of oxen. Robei 
Valturius, in his De Re Militari, Verona, 1472, gives a figure of a ga' 
vrithfive paddle wheels on each side. Another is portrayed with one 
each side. To these we add another from tlio Nureml)urg Chroni 
published in 1497 ; at folio XCVIII a vessel is figured with two wh( 
on the side that is represented. An old Englisli writer mentions tl 
in 1578 ; and in 1682, a horse tow-boat with paddle wheels was usee 
Chatham, England. 

Of various substitutes for revolving oai-s or paddle wheels, there is 
which, among other things, we have long purposed to try. It cohsisti 
protruding into the water, in a horizontal direction from close recepta 
formed in the stern and below the water line, a series of two or rr 
solid, or tight hollow bodies, of such dimensions that the water displa 
might afford a resistance sufficient to drive forward the boat. ^Some i 
of this resistance may be obtained by attempting to sink an empty ba 
or hogshead, or by pushing a bucket or washing tub into a liquid, bot 
downwards. The moveable bodies or propellers might bo square be 
of wood, closed tight and made to slide in and out at the stern like 
drawers of a bureau ; their outer ends being flush with the stern w 
drawn in, and the joint (at the stern) made tight by some contrive 
analogous to a stuffing box ; tlieir velocity and length of stroke be 
proportioned to the size of the vessel and its required speed. The 
ter Itself would drive or help to drive back each propeller at the tei 
nation of its stroke, just as a hollow vessel is pushed up when thrust 
der water. The receptacles might bo open at the top so as to allow 
water which leaked in at the joint to be readily discharged. We 
not aware that such a plan has ever been proposed. 
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Xiicrc arc scv'cnil thiit ij, t»f 

lurope, were alive to the |>oWii‘r {le%'i'!<»p4‘tl by "^Jeuin ar tin* t»4r:iy 

ras making his experimentH ; lual we lm%'e iitrle <i.mbf that tm- 

iformation respeeling it wlii }vr lu^ obtamea !ruin the 00 ..!,-^ n.iia- , .0' 
10 XV and XVI centurii'S. 'i’hese el.l auiitur^. w wmkh .uv r:rr 
lly quoted on the suhjeet. (ibviomdy d<‘n\ed their uifurmatiMn p/e . q.^Kv 

‘()m thostM)r their preder<\HHt>rs as well as tVe.ru the !ab<*rafMi u- . m! lii.. 

ichyrnists. • , ^ , 1 r 1 • , * 

Jerome Cardan, an Itahan, lutm ut loOl und died in MUe m! riie 

lost cccmitric gmiinsivs that ever In ed, iti whiaii wan iiidfed the 
•anscmident attainments with tin* eiUiHuinmate qmiekrry, piMheiud 

euicity with tia^ \veak<‘Hf KUpersfitnm ; whu tm ene pai,»e v* drau 

i<'^ the horosc'ope of Christ, ami in auuther implunne, ids tbrqi% f'er^ei 
»r tilt* sin of having eaten a partridL^e mu Kriduy ; unfiddunt the iiimhI 

:niutifid rtdatiouH in idgt*bnue sinalysis, and ftiretellini* tV**m ilir’ iili-.' 
:’arane<i of 8pe*ek« t>n his nailn Ium appreueh to ^oint* dHenvery ; ab^ve 
], ehapumtly etdbreing tin* obligafitiiis of 11 pun^ religittn umi e\ pressing 
le finest sentiments In imu-als, widle Im hmg life wmi ene eMninnied e^i' 
tion, grossly outragiteg both. ^ Here, this phdo>H»pber, jtii-'U-r and 
;adTmtn, is entitled tti brief mentiim from tli’jpiay ing in hn» urmnr’i n 
nowledge of what has lieen railed the tMp.daliritrn *•! ate, on, ai.-d niMre^ 
iirticularly with the fact of a varmnn iaung speedily poH-nred by 
Diidensation/* 

d'haf f he alehy inri?-: wei'e fjo.'M.Mr Oiifh 
I the itirnnO !•»!} ef .1 \.M-un 3 a by- the « s»ii 

densafiMU ef *;feain, and With rannijg 
// A. infti If by af niM’ipla'Ur prmeniri^ i** rerltiin 

( \ Their t»rd»niry iintiii|yilaliMnH nei*e»*»iirdy 

¥' I \ made theiu iieqtnimf»n| Wifli b* 4 li, In 

Kbiddfa hifrgri/m Mmltfitsm Jlyj/#7itfwi, 
■ ) il .V I pagi* 'Mf-i# be ilhndr,itfei hi% inUn»fei le. 

^7 fipriiing fever and drop^pv, by w haf lie 
’'^1 ealln a experiment, and With fhe 

■iWA'd./Pe apparafiH fj|.|nii*d m fhe rn?. An niqey 

relMrf «m* ene eMUf.inaie* a hffle Wiiler n-i 

fiiH|ietided ovtu' n fire with the iii*i L fmned 
No. I’lttaa. tluwn iniM a v*-'^ne| id WtOer: w hfu» 

U.ort was heated the iiir or viipor berame exp.4nd*-d und part e! ii ilnven 
lit through the liijtiid. Hpoii reiiiovmg fhe hre. the water P^fes'4 by 
m ntmosphen* ilirmntli flie ni’ek Ir* fuipply the phn*e f»f the inr er %«i|.«ir 
jcpelii*d by the hen!., l*ld^ alfhonidi ssolhinp mere ihstn fhe* eld pi'orieH 
f filling eolipili**!, mieU, of wlnrb ronld be eharped m no other %vi*y, 
lows tliiit thf^ priiiei|ile wim well imder'-sioosi and iidepied m 
[)(‘ratit>iiH. We atlii luiMflier amt mrliiu- eXHm|i|e tVoiii Ihuia'H Aefioo/ 
‘lagif\ ti wm'k firm, ptibliMlird in Idtdb where In^ *|i--siii}rt|y ^deiw the 
irnrjionofa viifiuim by the eomlemaiion of *^ieam, amt rai^ane- ^f \m.Oer 
[to it by the atmo*ipliei'e, ** a vewHi-l with a v*U‘y long ne*'!. ; ihe 

mger it is, tin? greiiler W'lunler it wd! ;ieem So iie. Let it !*e ii.in.'qet 
mt glass tlmt you iiiiiy ?4ee ihe water ruiinlng up : fill ihn wola 
ut,er^ ami when ii i< %*f«rv hof, neitmg the bottom of ir i-i rle* ih.ii 
may not presenilie wax rold ; the mouth being turned di*unw 4r«C. tioit 
may irmelt tlie water, ii will *itiek if nil in/' I Sririi.o-'.on; ■ tiir ii-Mt %% ii!er 




408 Raising Water hy the Elasticity of Steam, from Forta. [Book I 

That the same lahorious experimenters were acquainted with the prop 
ty of steam to displace liquids from close vessels is equally clear. Ma 
of their operations made them familiar with the fact that in this respect 
effects were similar to those of compressed air. Portions of their apj 
ratus were admirably adapted to produce jets of water hy means 
steam — the mere opening of a cock to draw off the liquid contents o; 
heated alembic would often illustrate the operation, just as the overtii 
ing of an eolipile, or inclining one till the orifice was covered with wat 
would do. 

So far as relates to the principles of raising liquids into a vacuum form 
by the condensation of steam, and forcibly ejecting them by its elastici 
nothing new was discovered by De cans, Worcester, Savery, or Papi 
both operations had long been performed with eolipiles, and were of co 
mon occurrence in laboratories. It was in the extension of these ope 
tions to hydraulic purposes that the merits of those last named coUssisti 
‘ Draining machines’ were wholly out of the track of the transrnuters 
metals — the design of such contrivances was one which few if any 
them would have stooped to pursue. Plad they made the raising 
water by steam a subject of particular study, hardly one of them coi 
have failed to produce a machine similar to Savory’s, for every elemc 
of it was in their possession and in constant use. ’Tis true we hs 
as yet referred only to the expulsion of hot water from close vess( 
but the application of steam to drive cold liqu 
from a separate vessel was not unknown. Of t 
there is an incidental but very conclusive proof 
a book of Porta’s, entitled Spiritali, (named af 
Heron’s work) originally published in Latin 
1601, and five years after in Italian and Spani 
In the translation of 1606, is the annexed figi 
No. 187, designed to show into how many pa 
a simple portion of water may be translbrme 
i. e. by measuring the quantity expelled from 
close vessel, by vapor evolved from a certain qu; 
tity heated in a retort. Make a box of glass 
tin, (c) the bottom of which should be pierced w 
a hole, through which shall pass the neck of a b 
tie {a) used for distilling, containing one or v 
ounces of water. The neck shall bo soldered to the bottom of the b 
so that nothing can escape there. From the same bottom shall proce 
a pipe, (i) the opening of which shall almost touch it, leaving just roi 
enough between them for the water to run. This pipe shall pass throu 
an opening in the lid of the box, and extend itself on the outside to 
small distance from its surface. The box must be filled with water b^ 
funnel (c) which is afterwards to be well closed, so as not to allow 1 
air [steam] to escape : — finally, the bottle must be placed upon the f 
and heated a little ; then the water, changed into steam, will act violen 
upon the water in the box, and will make it pass through the pipe {i) a 
flow off on the outside,” &c.*^ This apparatus although designed mer< 
to illustrate the relative bulk of a volume of water and that of the ste; 
into which it might be converted, yet exhibits in the clearest light i 
principle afterwards adopted for raising liquids by the elasticity of stes 



No. 187. A.D.1C0G, Porta. 


^ Arago’s History of tlie Steam Engine, translated by Lieut. Harewood, U. S. 
Journal of the Franklin Institute, Vol. XXV. This device of Porta’s was, we belie 
first brought forward by Mr. Ainger, an English writer, whose work we iiave not see 
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e diagram aiul desc^ripticm, ulmvrvvH Smart, art' sd coinpltUd, that tlu^ 
dicatiou to such a parpdStM>i a slniilur apparatus rould not ho i-onsi- 
;ed even as a vanation of Purta*s itloa. 

In the first hlstorh's iA' thv nuKi<*rii stoarn oiigiiu% its oriidn was trat'od 
a devitui fur raising water, proposed hv the Manpiis ui' Won’e .frr, in 
Century of Invtuuious, a traei written in Uifa'i uinl puhlishetl in 
l)st‘(|ucmt researelu's havt‘ hrou>;ht to light facts (stunts of whleh havo 
st hot!!! notic<Hl) whii'h pnoe that steam was applied to that and other 
r})o.st?s long hef u'l* ; ami future ijnpiiries will pndaihly proiluee still 
dim' exuinphss. Previous ti» ileserihing tuher old uppliealiiUiS of this 
id we shall notiet* some t*?^pi‘rimen{H whieh iiistiU'laiis of th«» sfeutn en- 
10 have intnMinetnh Thus I^iviudt^ a h'reiieh eourtier, is saiil t«» havo 
liscov(U’t‘d” itJ Idtio that u tight hoinh sh<'ll etuitaining wattu' ami throu n 

0 a. hiH^ wtiuid h<’ ex|dodei! l»y the eiudined vapor— and \iy Uoraus in 
Id that a eiost‘ ropper hall partly filleii with water and heairtl, would 
rent asunder with a iu»i‘.e resemhling that of a petard'— atid hy the 
irtpiis <d* Worcester in Pahh that a pii'ee of tu'tlnanco waudd also ho 
ploded, if treaU^d in diosamo way with its mouth and touch holo plug* 
d up. Ntwv% the fact w hieh th«*H«' expiudmonts estahlished (if ilioy 
‘re all tnade) w'hs om' wuli winch every perstm wdio eviu* used an 
lipile was funuliar ; airl whieh wu’-j no more a new dlstawory in tlio 
ginning id* tin? sirventeeufh century, tlmn experiments to pisof' timt ifjo 
ver <»fae(»mmon euuldron migjif hr hhtwu t»i!'hv tin* Mime {o*eiu, rusdd 
VO het'U in tin* middle of if. It W its a km»uled;te of the ’ ume i’u t timi 

1 ancient philo'aipher * to iiee»»unt Ihr the phenomenon ot* eaHlnpiake s-** 
iiie.h indnei'd the miiu'Uem of the -Ueaiii deifio-i, mentioiii'd in the la»-l 
aptm*, to rmgulafi* the reni-.ianee of the plugs wdut h tdieied the iuoutli 
d i‘yi‘s of th(' iilols, Hti as to givi» way heidre the tennion id* tlu' wteain 
tau'diul the strength id* tin* metal, and hlevv l»oth them ant! their gotls to 
uiis. When the SpaniHh ireu’Utrer tihjeeted to l!n^ prt»Jeet of tJaray that 
.5 hoili'r might*' hurittf’ he tbd m»l dream <d’ having matle adiseovery <d‘ 

} dangtu* arising from iin|m'amed nioii.in : liad inieh htam thti i'ano Ioh oh- 
ction woulti have hat! no three idl the fact tipon whieli it was fia%ed, Imd 
en tested ami hecoine geinu‘ally kmHVio--'-*l»ut tin* |„p'onnd of his eppo’ution 
ery person of lliai, age coultl a|'»|'iri*riate as W'ell a-^ wa* ean ; and it is not 
iprtdiiihle chut tui thal ground only wais tln^ projeef ahandotied, llio 
mo ohjtauioii itiil jirriventa tloiiiiiatals from travc-ling either in atraan hoatn 
steam ciirriiigeii. 

Examples to show that old clifuniHfs wen* as familiar with fho' same fart 
most as with ** the crfirklings of thoriis under a p*»tf* might' he i|utiied lit 
aiudauee—tliev itfi' not itfua’S'-niry* hut we shuU a*hlnee one or two. In 
ortifs Niitund iMiigii’, Cllt-«4 X, chap, I, on I he of re*- 

dating the eiipaciiy of stdls i*t ih*' various snhstimees treated in them, 
xch as WfTe of ** ii I'kif and viipmiroits nature** reipdrtu he ohserves, Inrip^ 
sssidrt, ** for wdieii iltt‘ heiil .•dnill lm%‘e riiSHed up the llaltdeiif. matter, and if. 
ids itself striiighiriiM , , . , if will T4ei*k laune other vtmr* Hfni m* ftur Mr 
HMtk in finrs, wliicii will fly ahmil with a great bounce and erar k, und iit»t 
ithout t‘iidiimiiidii|4 flie fifainliu'ti i»yf* Again, in the ninth i•hl^pft*r of the 
me liookjie direcfii flnif |culiciilar care filnmld he tnktui to make 
^ht ‘Me»t the force of flic \iipours ari-simr may /u/rt/ it [the rrj||| open 
id scald file fitri»».i I»|* fiii*. fiV rfitmiers/* *Tlmt rucll oceurrenee-i Were no! 
munmon imiy hi^ iiiferml from itii»»fher remark; (in Tin* I ’U idMpfer iif lliii 
,)th book, I .speiikiiig »ff *' the hvtmrutHm 4»f tin* elements** and id fiie vartfitm 
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are sufHcient to prove tliat tlie irresistihle force of steam when confi 
known in the middle of the sixteenth century — in hict it always ] 
known since distillation was practised or an eolipile ustaL P 
care was always required to kecj^ the orifice of the latter instrum 
when on the fire. 

Besides the Natural Magic of Porta and the writings of Garth 
were other works published in the sixteenth century in wliich , 
either incidentally mentioned, or expressly treated on. About i 
1560, Mathesiiis, a German preacher, in order to illustrate', the (' 
force of a little imprisoned vapor, introduced into a sc'rinou a (h‘ 
of an apparatus “ answering to a steam engine^' — an instatu'c of i 
equal to that of Cardan, who contrivc'd to swell the contents of* ? 
on arithmetic, (which he wrote for the booksellers hy the pngt') 
patiating on the motions of tlie planets, on the cr<‘ation, and th(' 
Bahel. Canini, a Venetian, made (‘xperlments on stiuim in p 
1569, an anonymous tract, printed at Orleans, and ascrihcul tf> 
contains an account of the expansion of water into sttaim, atid tiie 
volumes of each. About 1597, a Gt'rmaii writ(*r proposed tlui 
eolipile of Heron, as a substitutx; for dogs in ttirning tlie spit, atu; 
mended it in a passage, an extract from which may be seen at pii] 
this volume. 

The Forcible Movements” of Bccaus, or de Cans, is the i 
thority for early notices of stt^am. This work was first publ 
Frankfort in 1615, and in Paris in 1624. It is entitled Ijvs Ha 
Forces Moumntes^ avoc diverses rnaebines rant utihis (|ue plaisanti' 
Reasons of moving forces, with various tnachines both useful an 
esdng. The title sciomsto have been slightly changed in diflV^rcmt < 
and, as noticed at page 319, the name of the author also; a circt 

that has hul Mr. Fari'y to sup})o 
were two liooks, writttm hy dille 
thors of tlu^ sam(^ name. In tlu^ 
translation of 1659, whicli con.sists 
parts : ** Plu' th(‘ori<i of tin* condtu 
ter” and tlu^ “ Forciblt^ movemeii 
theorems on stiaun an^ oimtt(‘d. 1 
theorems Dec.aus lnt(‘iuh‘d to sh 
heat carrit'S oil* waiter by evaporatlf 
steam wlien comhmsed nn.urns to it 
al l)ulk — and that a hollow ball or 
may be t'xploded by it. ’'FIk^ onb 
for employing this fluid wbicdi in 
is in illustniilon of tlui hftli ilieore 
Water mtty he raised aha re its level t 
ff/ire : ** Tlu^ third intulifNl of riiisii 
is by the aid of fire, whereby diva 
chines may he made. 1 shall he 
the d(JScription of one. Take a 
copper marked A, well solderi'd r 
part. It must have a vent hole mi 
by which water may be introduci 
also a tulie marked C, eolchirt'd 
top of th(i ball, and the end C i 
nearly to the bottom, but not tou< 
After filling this ball with water through the vent hole, stop it cl 
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put the ball on tha Hre, then the lit*nt actln^^ ugaiufjt tluj .said bail, will cangy 
all the water to rise through tube CV* 

On the Buppositlon that this ap|)arut\m wm yriidnuily (iesigiunl by Dt^- 
caus, M. Arago has claiined for h raiute th<* invtuirion ef rht* strain rnLdian 
Xhe English, he observes in his Memoir of Watf, hiivt* ast-rilaal the litnuir 
to the Manpus of Woret‘ster ; but on this sule the elraiinel, “ \v(* mulie 
tain that it belongs to a huinbh* engiiu‘ei% almost forg<itt<*n by oiu* bio» 
grapluu'S, vi'/. Hi>!oinon dt^ (huis.'* Ami in his ‘History of tln^ Steam 
JCn'OiHS* ht^ asserts that ‘‘ tht‘ idmt td* ruising watt*r Iw the elastic, bu'ce 
of sieanf* bciltuigs to the sam<‘ imlividual. With the <lisp<»sifi(m and 
oven an anxii'ty to give to every invtmttu* his full meed of piaise, vvt^ 
coiihsss that we cannot pmaahvt* in the figure and description ladbre us, 
suflicient grmnttl from which such inferences eoultl fairly bt‘ drawn. 
The fart is, to no one age or people can the origin of the steam tmgino 
be attributed— nor yet its various applicatimis. 'fhat some havt^ C(»ntri- 
buted greatly nmre than otlun’s to dmedope, matun? and apply it, no 
person thnibts. 

Were it even admitted tliat no apparatus prtMnsidy like that represimted 
in t}u3 figure was jirtnuously known, it wmdd be dilhtmh to (‘stablisli the 
chums put forwanl in behidf of Dmutus. Hut there was nmhing novel 
cither in iu construction or in the principle td’ its <»perution; while for 
nearly all practical purposes it was valnebess. 

So far us resp«‘Cls tin* apparains Hiiujily. no part of ir %vas invented liy 
him. It is figured in the Sptritalla as an iUustratinu td’ Problem IX, viz. 
a hollow sphere |>arliy filled with water, ami resting upon a tripod, with 
a )t‘t pipi5 extemliiig ilown into tin* litpud. Instead of fire umler if t i 
raise steam, a syringe is ('mmeetml to the upper part, by whieh to inji^et 
air or wutm*. This figure is copim! in Plate VII of the ** Forcible |V|fn*e» 
immts/' (Leak's Trans.) and of it Hecaus tdiserves, as concerning thii 
figure td’ the glolag it may serve for pleasure to east the wafer vi»ry high 
by the pip*% after that you have foreetl it in with violence with tlie «y» 
riuge.'' Had not this device of raising water by air compressed with a 
gyringe been found in th«* Spiriialhi, it might aho lutva* been ilremed the 
invention of l)«usiUH, for he tloes not mention the .Hour»*e whems* he de* 
rived it; and its it is, we think he may with m mucli reason hc^ eousidmsni 
the author of riir^engim*^, us t\u* first inventin' of ntrum enejnes. 'rho 
apparatus is also ii inodificitiion of thut !>y whirh Heron nuHetl wafer by 
the heat rd* lln^ sun, hut liie uuthiu* cd' the Spiritali.a was too well %uu‘sed 
in the subject, to introdiu'e in that work mtvh a devit'e us that of Heciiiis, 

The rdeviiiion of wmfi'f l>y the ehistio force of sleiiin wiw iil«o well 
known before the time of .Hmuuis. Nature herself hm id way » premnite«l 
striking proofii of It In hoiling .springs, ntui iti the niugnifimuit fou offline 
ami Jets that are thrown up in vurious parts of the rarili from loihier" 
ranmnw cauldnuw by imprisoned atenm ; a« in the iieyiew of Ictdiind, 
wlierc the hot. licpild is fhtis vinhmtly fbreed through miturid tubes, <4* 
nine or ten fei^t in tliarneier, to heijfhfs varying from rwimfy to niuetj 
feet, and ticcoifii'auiknl with intermitting voluimm of ihevapttr; phemo 
nmna the philosophy <sf widcli wm well umlerstood by the itneienfs. Jltit 
if sucli i*xamples are demneti too indirect, nnd rw known only to a few, 
there tiro iitheri witli wddeh peopb^ generidly have always lieeii mutver- 
aant: VesM«»k for henting with tubular sp?>uts, whose upper orillcei 

Stand higher tlian the top «d' the viessels tir the li*|uid within iheiti, lire <d" 
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one knows that wken tlie covers of tliese fit so close as to prevent 
steam from escaping as fast as it is generated, the confined vapor forces 
the Imt liquid through the spouts ; and in a manner precisely tlie same 
described by Decaus, for the eflixt is the same whether the discharg 
tube bo connected to the lower side of a boiler like a tea-kettle spout 
inserted through the top and continued within to the licpiid. From s’ 
domestic exhibitions of the effects of stmirn, the', devices of Heron i 
other ancient experimenters were probably dtn-ived : a j)erson \vh 
thoughts were turned to the subject of raising water by it could notfai 
profit by them, or to hit upon so slight a xnodification of the apparatus 
shown in the last figunu 

The same appiicatitm of steam was often exhibited by alchy mists as 
ready obs(irv<Kl in tlnur manipulations, and in drawing off the contents 
their stills and ri‘ torts ; hut it was still more chuirly iliuHtrat<Hl in cornr 
life in the employment of eolipiles, and the copper hall of Decaus ^ 
mer<ily one of these with a jet pipe prolonged into tlie liejnid. Tlui very tei 

hail of copper/^ ball of brass, were thosc^ by wliich eolipiles w 
designated. (SetV page 39(>.) Now no one was ignorant that an ojjen 
on the top of one. of tlu5s<^ histnummts let out steam, and that through 
near tlie bottom luit watt?r would be violtmtiy expelled through a vert 
tube, if attached to tht^ optming. Supposts the one figured at No. 
eitlu^r acclilentally or designedly placed on the fire with the tube iindi 
upwards, and heated in tliat position while two thirds filled with wat 
thti vapor would then accutnulate in the donu^, and would luuu^ssa 
drive out the bulling liquid until the lower .orifice of the tube was no Ion 
covered withSvater : or imagine No. 1B4 inclined till water rushed 
instead of .steam. That such experiments were not only fre(]ueut but c< 
mon, no person can reasonably doulit, although no notice of tliern may 
found in books. Sm^h a motli* of raising water was of little value and 
thought worth recording, and but for its introduction into some liisto 
of the steam-engine, we should not huv(? dmuned it of sullicitmt importu 
to notice. Mor<.H)vc‘r, tlu^ ordinary modt^ of charging eollpilc's wliich 
but one minute orifice, viz. by hmiting and then plunging them in wa 
must have frecjuently caused tinun to produc.e li(juid jcits, in constujue 
of their imbibing loo niuch, and tlu^re btung no other way of expel] 
the surplus tliau by placing the inHtrtnn(‘nt on the firtu ]Probably an c 
pile was never used that was not occasionally ovtn*charged with the liqi 
aiul tlius made to raise a portion of it by die t^lustic force of steam, 
any rat<% no one who was familiar widi tht'se instruments, from IFtoi 
D ecaus, could have been ignorant of the fact that tlw^y might be applitn 
produc(\ji‘ts tif hot water as well as of vapor; and few ever used tl 
who did not occasionally make them prodmu) both. 

It woultl be an unjust reflection on l)t*caus to suppose he could noth 
given a bettm* plan than No. IBS for raising wati^/n/ if the pro 

had been seritmsly entm-tuined by him; hut there is not tins slightest grer 
to believe he ever<ln*arat of applying that fluid to hy<lraylic purposes 
as a substitute for pumps, chalim of pots, &c. H(i mirtainly would li 
laughed at any one proposing a ilevi<*.i» by which water could not be rai 
until the whole of it was boiltul, wlmther the quantity was a pint, a lu 
head, or a million of gallons ; and in some c-ases not until its temperat 
far exceeded that at which cdmllition in opem vessels takes place. "V 
then, it may 1)6 asked, did he mention die device at alU Simply to si 
that “waterway demised above its level by rmmtis of 
he says that machines^’ may be deduced from it. True, and 

has given a description of one, from whicli we may judge of the ri;st: tl 
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were most likely iru^res trifles — whims thnt stiittnl t\w ef 
No. 1S9 is prolml>iy whu‘h a enntem|Mira.n{‘niis Lni^linh luuhur 

adduccas uutler **KxperinieiitH t»f moeious hy rnrefyini:;’ wafrr wifh 
and of which ha aist> (d)Si*rves, o/Z/e/' ift rin's may hi* derierd iVian it, 

Decaus appears to have riMil aiul traveled inurh» lual to havt* t-rdlecml 
knowledge from in'm*y smin-i* within his n'ucdi. He deHfriht^s Hawouills 
that were used in Switzerland, tireamgineH of ( Jermauy, eanaldorks wldtdi 

he noticed hetvvt'eu Vhmiee and Padua: lie eifi‘H I'aeirn.’i, Pai.i.H.ud;f-i and 

Pliny; (piotes largely iroiii Heron, iiiui riders his more learneil readi-rs ti> 
ArchinuHies, a coimnentary upon whose writings he pnmdsesio undertake. 
Ofc.onrsehe was anpsainted with the works of l‘h»rta, for this Ni'Jipolilaii 
philosopher anti his writings were greatly etdebraiial throughout Hu- 
rope. Now had Uts'inis turned his thtuieh*s ut idl to the tdevariou of wafer 
by sttnnn, ht‘ wtnild itt oiiee have piuTeivtal the iid viuuagtot of a tieviee 
like No. by wfiieh the liqtiiii roidd be raised in uiibmiliHi i|uaiitidt‘S 
without being hteifed at all, as well as under all possible riretufisraue«*i« : 
and iiaving pi^retnvtsl this, would hi* not (if the projei’t of thus riiisife^ 
water had ever etiiereil his hisid) have given it, or a inotiitieation of if, 
instead of No. IHH I It is ebssr that he vvuuttnl an illustration of a propri- 
skion mtjrelyt tiul ihtt <ui« he has given In* eonsiiiered as |.o»od as any 
other. 

A.s long us the Au/iim/ Muifir anti the SpinfaH of Ptuau iirt* atinurred 
to have hetai puhlishetl, the fortmu' abtitn tiity aiul the latter at lea a too 
years before tht* wt»rk o! Heeaus, there is hule if any fbin!( %\isereun to 
fomid a (4aim for the latter. It we were to eoneetb*, wbat eerlainly r* mtt 
^^cstalilislunl beyond dispute, that the first idea of raising a weight by lueiun 
of the elastic power of steam be-lomgi to the Kreiieh author," tlu^Jarf would 
still remain that th«^ Neapolitan had long before shown Smp //iu t'miiJ /#e 
DONE; and M. Arago has himself oliserved, that "in tlii» itrfa, as in iho 
sciencoH, the last rmnei* is supposed to bt' aet|uaintrd wdtb the labom fif 
those who nreetaled him— all denial in this res|M*ef is wifhout vidtn\" 1dm 
object of luirfii in iiitfodueing thii dmuee referftal to was not to ahow its 
appUcfition to niiie water, and k is not fair to ronelude that he was igno- 
rant of its iidapiarJon for tliiit purpose beraiHo he hits nor gone euf of los 
way to point it out. If has also b-een td*jf*eled, that Ida H|»pariUus raiseit 
the lk|u.ul to It very litriifed Inught, We. do not know ilmt I>t*eaus*a did 
more, for wii lire only ioI*| ehar tht' rontents of tie* ball woulfl bi* elfitofi 
out, vvitlmut the slightest intuitation <»f an tdt*vatrd disehargtn W^idl, (iiii 
advocate of the Inner wdl say) but. Ids apparaiijs is r,;ipitliie of raising %vit« 
ter to all heights. And so is Porta*«. Hut h.iol P.ola ** the lensr itlofi of 
the grctiit I'mwer which Mtemn is sitseeptibh^ of iiei|inrinfLr* extrari*i 

which we have given from Ids Naturaj M.agse, oti the rii|itfife of vess**h 
by sUtiirm, provt* lliat lot %vas widl iiwnre t»f it ; im«i the limik froiii; wbieli 
thene extracts arr< fakeii w.as Ids luirheat produetiofi, being piiblinlied in 
1.5(H), at which liiiie flie s»l>ser%“e.s in tin* preface) he was oiily iiboiir filreioi 
years old. To conelude, we are constnuned to ettibrrtet* the opinion., nof- 
withstanding iln* argiiifimii's and idoipimire of 1^1. Arago, liiiti fh** dtndec* 
degcribed by I)er.,iiiii brought in ligltl no new fiiet, itinl gave rvm intin irew 
or useful result. 

Although ifwtfifices rarely occur in the arts in which rh** ehnuition of 
hot water by the iitrani iwnilved from if could bt* of -icrvice, titere lire .iorrie, 
a« m chemicitl titiiidpiilfitiofis, in a few hrmverie.s and dtHiillofie^, ittid iil^o 
tn SOtO *rhi^ oneratson iii the latter is Wi».rtli fMiiddiitr !»— 
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Hot water raised hy Steam m $oa2> matmfactories, [Bool 

hundred gallons of ley, with the other ingredients, tallow, rosin, Hitk 
are put. After the whole has been several times boiled, the semi 
mass is suffered to remain some time at rest, wlien the ley collecting ; 
bottom leaves a thick stratum of soap formed above. As no openinc 
made in the sides or bottom of the boiler, the hot ley is drawn olf j 
top, and is usually done by a common pump. Long after tlie fire is 
drawn steam continues to rise from the litpud below ; f(.)r, from the 
mass of heated materials, tiieir non-conducting property, and that c 
furnace, the heat is slowly dissipated. The soap in the mean time ac( 
a firmer consistence, and prevents the vajtor from escaping above aim 
effectually as the bottom of the boiler does below ; so that not uiii! 
steam attains considerable elastic force can it open a passage tlir 
and when it does the opening is instantly closed as before. When 1 
fore the pump is pushed through the whole to the lK)ttom of the va 
started to work, the lupxid continues of itself to pass up, being urge 
die steam. (It is necessary to work the pump at first because the 
ings in its end hecorne stopped with soap in passing it down. Th 
of a plain tube would be choked in the same way ; but by a pur 
tached to it, tlip pressun; of the atmosplu*re is added to tlnit of the 
to force the passage ojien.) The larger body of soap keeps settling 
as the ley is disclmrged, and thus prt‘serv(?s the stea,m at die same d 
of tension until all the k^y is ej(‘ct(‘d, when the steam itself esctipe 
through the pump. The soap, it will he penudved, acts tis a Ilexib] 
ton, its adhesion to the sides of the boiler and its spissitude and v 
eilee,tually confining the vapor below. 

Of thc‘ origin of thi.s mode of raising ley, and the extent to wbicl 
practic(Hl, wo arc not infornuHl. It affords liowever an example < 
truth of the remark, that important results may be dethict‘d from att 
to simple iacts, as well as from the observance of common prodiuits 
examination of the n^sidunm of a soap-boiler’s kettle, it is w(‘ll know 
to tlu* discovery of a new chemi(ad (denumt, (iodine,) and of its virt 
a s|)eeilic in dm cure of di<^. 4 fn///v*/ and from tlm preccaling remarks : 
be inferred, that an observing (Irtmk or K.omau soap-boiler might 
discovered the applicability of .steam to raise waUu', .since he possesi 
the requisite machinery in his ordinary apparatus, and might have 
formed the operation as ofttm as ho made soap. His ingenuity woul 
have been rewarded by a diminutioti of his labor. And who can 
that such a plan was not in usti in somc^ of the old soap-factorit^s of I 
times 1 In that, for example, whieli ha.s betm discokvcu'ed in lh)m| 
one apartment of which arc the vats, placed on a levtd with the gi 
and in another wero found heaps of lime of so superior a (piality 
have excited the admiration of modern manufacturerB.® 

Of the manipulations of ancient, mechanics and maimfacturers wo 
little or nothing. Of the thouHands of their devices, many valuabl 
have certainly lieeu lost. Some of dusse have bcien revived or rediscc 
in modern times, among which w<i think may lie mentioned various 
cations of steam. Thtjre were indetal so many occasion.^ for the er 
ment of this fluid hy the ancients, and particularly in raising of wate: 
taken in connection with du^ information respecting it in the Splrltal 
part it was made to perform in the temples, the traces of it in t 


» Soap mustbav© been an expensive articlo amon;? the (» reeks, at least such 
used in the toilette, if we wero to judge from the amount that Demetrius extort 
the Athenians, viz. 250 talents, which, says Plutarch, “ he gave to Lamia and h 
mistresses to buy 
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baths at Home, luul thv nppnniftjs df Anthmaiiis, by whu-h last it waM 
adapted to a very iiovt'l pur|u»<t' an a thus rxhibitlni^M'o- 

soiirces in its appfdieatioa that tamld tuily bt* ilrrivtui fnau <‘X|u‘ridiirt‘— 
we caniK)t divt*Ht cairselvpH ut thd idea that the uiH'iiOJt.H wen* better ac*- 
(juainUHl with tiu* na*t'hauh*ai |>n»pertii*8 td‘ steam and its appiiratittn to the? 
arts than is commoidy suppes***!. 

Hut for thtMh'structiou ef the numenuis librarit‘S «ff the uneiejits, sdine 
of which coiitaitied vulumeH tiiat treattul on every subject, we should have 
beeu ititlmaf<’ly ac«pjaiuted with their arts ainl mueitiuery ; and Imf fur 
the logic of Oniar,*^ \vi* uae,ht have lunm in poHsessiou ol* ^ho^.o freaiia’a 
on mtH'.hauicH that (h^'nibius stmlied, and which supplied Henui with ma- 
ttU'iaJs fiir tint i^pirifalia ; h»r the laft<ar refers to inventituis and writings ot’ 
Ills pnsh‘cess<u*H, and iidiiiits having inc(»rporatt*d some of’ their produc- 
lions with his own. Ibsssildy fln^ very iMHiks out td’ which In* se lecletf tin* 
applications oi stcain No. I7b ami N%>. ISi) might m»w have been extant, 
d he di‘Strui’tion td such wt»rks as these was a severe loss to flie wau'hl. 
Hud they hetm suvihI, the state (d* soeiety would not, in fin* following 
ages, have ht'en ho gTratly dee,.ii,.nitetl, mu* would fin* arts have Htiiik ti* 
80 low an ebb. ^Ieclia^licH have tin‘rt‘f »rt* as mueh reason, if not more, to 
deplore tht^ loss rd’fhose vo!nmt‘s that treateii on the fudijeets of tlieir pur» 
suits, as leanied men have to regret the <le;:trmuion of those that related 
to litenuure only. It was ab.o ea-aer tu replaee tin* latter than the f u’lner 
— to nwivi* the lirerafniapthan tin* arts t»f the amdents ; fu* rrlh-ctiona on 
history, politics, morals, literature, romam'e, ^Ve. are mure or levi romnnui 
to our race in nil fim«*s, ami in every age men will be fuimd to iduthe 
them, or sc’lections of them, in gfiwing languag<* ; whereas mechanica! 
invtmtions, though often I'u-oiight. about by tin* observance td' common 
ficts, arc lrci|ucnfly tin* re'iufts of lortmtotiH flioughfs w Inch locid occur* 
nmccH or singular rirciimstama«s induce, and if once Umt can hardlv bo 
revivetl, except by ciuigenialynimbi under similar ciri’umsrftricefi, llf*sidt**i, 
it is iiiit by tint mere arre-aing an niea. as d foafs through the mind fimf 
discoveries or improvemenfs in mechantnm are ellectetl : on the cuntrafv, 
it requirrm to he cnltivafetl and timtured by reflection ; ihr* accuraev td‘ the 
device Muggestedjiv it has to be tested by models, and ihese by expert* 
ment, lieforit tliii incipi«uif. thought bf*eotnea em!»odieti in a working tiut> 
chine. 


» A wroti, his ^niicriil, having taken 41c ^iiadriii, wrem for durrinuo rcspcrtiiif ifiw 
ciispoftitian «f the fiiwnis lihrnry which it hnd \wvn the |intlciu Pn4inmt^ tiirnllficf. 
The reply wfis»«if iif» wrstinuMdufrecd wuh the ihicirmcs of the lioran, ihey ww urn 
km,* iuid if they di*l not, they might in he "t*hc argument wiw Irrcibliltle, 

and tile wlitiki were linrnt. 
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CHAPTER V. 


Few Inventions formerly recorded— Lord Bacon— His project for draining mines— Thomas Bush 
Ice produced by hydraulic machines— EoHpilcs—Branca’s application of tlie blast of one to proi 
motion— Its inutility— Curious extract from Wilkins— Ramseyo’s patent for raising water by fire- 
nufactura of nitre— Figure illustrating the application of steam, from an old English work— Kircl 
device for raising water by steam— John Bate— Antiquity of boys’ kites in England — Discovery o 
raosphcric pressure — Engine of motion — ^Anecdotes of Oliver Evans and John Fitch — Elasticity 
coudensation of steam— Steam-engines modifications of guns — A moving piston tho ossoutial featui 
both— Classification of modern steam cngiucs- Guerricko’s apparatus— The same adopted iu steam 
ginos— Guorricke one of the authors of tho steam-engine. 


How few, how exceedingly few of the conceptions and experimei 
researches of mechanics have ever been recorded ! How many milli 
of men of genius have passed through life without making their disco 
ries known ! Even since printing was introduced, not a moiety of th 
who possessed in an unusual degree the faculty of invention have f 
served any of their ideas on paper. Of some men celebrated for the 
velty of their devices, nothing is known but their names ; they have gc 
and not a trace of their labors is left. Of others, the title by which tl 
designated their inventions is nearly all that has come down — no parti 
lars by which we might judge of their merits. This is the case with ms 
of the old experimenters on steam, especially those who raised or 
tempted to raise water by it. Among these we have sometimes thou 
Lord Bacon should have a place, under the impression that he employ/ 
or designed to employ, that fluid to raise water from the deluged mi 
which he undertook to recover. Ho obviously had some ne 2 v modes i 
machines for the purpose. An account of these ho laid before the Ki 
(James 1) who approved of the project, and consented that the aid 
parliament should be invoked. In the “ Speech touching the recover;; 
drown’d mineral works,” which Bacon prepared to be delivered bei 
parliament, is the following passage : And I may assure your Lordsl 
that all my proposals, in order to this great architype, seemed so rational 
feasable to my Royal Sovereign, our Christian Salomon, [!] that I ther 
prevailed with his Majesty to call this honorable Parliament, to coni 
and impower me, in my own way cf minings by an act of the same.”®- 1 
great man was therefore in possession of a novel plan of accomplisl: 
one of the most arduous undertakings in practical hydraulics ; and so 
pressed with a belief in its efficiency that the king was induced by hii 
call, or agree to call, a parliament, chiefly it would seem to give sane 
to it. What the plan was, we are not informed, nor is any account c 
believed to be extant. Dr. Tenison, (Archbishop of Canterbury) the 
thor of “ Baconiana,” alluding in 1679 to Bacon’s “ Mechanical Inventio: 
observes, “His instruments and ways in recovering deserted mines, I 
give no account of at all ; though certainly, without new tools ^ and pecu 
inventions, he would never have undertaken that new and hazarc 
work.”** That the project consisted chiefly in some peculiar mod< 
raising the water is certain ; and it is worthy of remark that a membe 


» Baconiana. Lond. 1679, p. 133. ** “ An Account of all the Lord Bacon’s Woi 

ftobjoined to Baconiana, p. 17. 
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Branco's jBoli^ile, ' 


Three years after Bacon’s death, the first printed account was ; 
of any modern attempt (yet discovered) to communicate rnotior 
by steam, and as usual an eolipile was employed. Occupying a 
the domestic hearth, as this instrument did, the shrill current pi 
from it must have often excited attention, and led ingenious m 
tend the application of the blast to other purposes. The first 
would occur to a novice when attempting to obtain a rotary n 
from a current of vapor, would be that of a light wheel, having 
or vanes placed so as to receive the impulse, in a similar manne 
paper wheels are made to revolve, which children support oi 
wire and blow round with the mouth — or those which resembl 
tors and revolve when held against the wind at the end of a sticl 
toys are vertical and horizontal windmills in miniature, and wind 
smoke-jacks were the only instruments in the 16th century that 
by currents of air. Hence it was natural to imitate the move 
these in the first applications of steam ; and the more so sin 
at that time was generally considered to be nothing but air.^ I 
the device of Giovanni BroTica, as described in a work entitled 
chinCj written in Italian and Latin, and published at Rome in 16! 
volume contains sixty-three engravings. The twenty-fifth repr 
eolipile, in the form of a negro’s head, and heated on a brazier : 
proceeds from the mouth, and is directed against pallets or van 
periphery of a. large wheel, which he thus expected to turn roi 
by means of a series of toothed wheels and pinions, to commun: 
tion to stampers for pounding drugs. , He proposed also to raise 
it with a chain of buckets, to saw timber, drive piles, &c. 

It is hardly necessary to observe that the apparatus figured b 
in all probability never existed except in his imagination, and 
stampers, buckets, saws, piles, &c. could no more have been n 
the blast of his eolipile, than those venerable trees were whicl 
and older writers have represented being torn up from the earth b 
hreatli — the blast being directed against the vanes of a wheel, 
force multiplied by a series of toothed wheels and pinions, until i 
could no longer be resisted by the roots.^ Branca seems to have 
chil4ish dreams in his mind when he proposed a continuous 
steam from an eolipile, in lieu of intermitting puffs of air from i 
mouth. Italian writers have however claimed for him the in\ 
the steam-engine, a claim quite as untenable as that put forth in 
Decaus ; for, in the first place, his mode of producing a rotary i 
a current of vapor was not new : all tliat can be accorded to hi 
respect is, that he perhaps was the first to publish a figure and d' 
of it. Then it indicates neither ingenuity nor research. There 
never was a boy that made and played with “ paper windmills” w 
not have at once suggested it, had he been consulted ; and whei 
were common, many a lad doubtless amused himself by making h 
revolve in the cui-rent of vapor that issued from them. More 
device is of no practical value. How infinitely does it fall si 
compared with that of Heron, (No. 180.) The philosophical pr 


A horizontal and a vertical windmill are figured at folio 49 of Rivius’ tra 
Vitruvius, A. D. 1548. 

By the multiplication of wheels and pinions it were easy to have made, sa; 
*^^*one of Sampson's hairs that was shaved off, to have been of more strength 
them when they were on : by the help of these arts it is possible, as I shall d( 
for any man to If ft up the greatest oak by the roots with a stmt/?, to pull it up 
•or to blow it up with his hreathy Math. Magic, book i, chap. 14. 




Ramsc^e's Patent, A, D, 1030. 


:)il l)y wliicli tlio Alc^xaiulnan irn[>amHl inotioa hy lias 

111 been adopted, anti engine.s rcvsenibling bi.s are made <?v<n*i at this dav 
one on the plan oj Braiu'a, in^ver wa.s, and, without pn*sumptl()u* k 
f bo said, never will bt'- llie principle Ixdng ba<l, no modification or 
ansion of it could be made usidul. No boilm* taiuld by it bt* made to 
rk e^mn a pump to inject tlu^ mnutssary supply of water, 
dr. Farey has wtdl observed that steam lias so little density, that tin- 
utmost elfect it can products by yavv.v/.v.v/m is very trifling, not with- 
iding the grmit velocity with which it movers. Tht‘ lihist issuing from 
:ioIipile, or from tlu^ spout of a boiling tea.-ke(tlc‘, a[>pearH to ru.sh out 
li so much force that at first sight it might lie supposial its powcu*, on a 
’cr 8cal(% might bt^ upplim! in limi of a natural currmif of wind to give 
ion to machinery; but on examination it will be fouml, that tin* steam 
ig less tiuui half tin* s|>ecific gravity of common air, its motion is im- 
cd and resisted i>y tln^ atpmsplu'n*. As steam contains so lirfh* matter 
mght, it cannot coinmunicate any conshlerabie force by its impetUH or 
:*U8sion when it strikes a. solid body. The forctMif a currtmt of steam 
soon miHUS. This may be observe<l in a tea-kettle: tht^ vapor which 
eswith great velocity at the spout, becomes a nmn* mi.stuta few inch<*.i 
ance, am! without any n'lnaining motion or i‘nergy ; ami if the issuing 
rent were dlrcctt'd striktr upon any kind of vam‘H, with a view of 
dniug motion from it, the <‘ondtniHation of tin* steam wouh! 1 m* still more 
tlen, liccauHt^ the stdistunee of sucli vanes would absorb tin* hoaiof ihtr 
m more rapiilly than air. 

h-anca’s apparatUH has been nnnie ti> figure iu the history of the steam 
im% Imt with ctjuu! propriety mlglit tlie child's wiudmili be ininulucetl 
that of aiiMuipincs, for the analogy i^ precisely the same in lioili. His 
in* had no infbienn* in developing mmlern engines. Instcml of lead- 
to tln^ employment (»f the fltud in close vessi*l*l, and to the use of a 
)n imd cylunh*r, its tendency was tiie re,ver.se : hence so far from indi 
ig tin* right patli, it diverted attetitiou from it. 

X tln'^ time Branca was |U'epuriug Ids book for the press, some t^xj'ieri* 
its cm steam Wf‘ri^ being mmle in Hnghiml^ — ^or so it would seem from 
derHoifi edition of H3mi«*r*s Foalera. In vol. xix is a copy of a patt*nt 
pecifd privilege grantc*d by (limrltui I to David Hamseye, oin.* of the 
HUiof the privy chamfier, ft»r tlie following invemtions; and tinted Ju- 
ry 21, 1630 : 

1. To multiply and make.' «iiltpet«*r in any c»pt*n ra*hh in ftnver acres 
■round, suHkamt to «f*rve all our diuninions. 2. Ta raise wa ter J rum 
pitts 3. Tfi 7nake anp sart af mills fa s^ae an standing waters^ 

'antitiual matkm^ teiiiumt the kelp wind, leaitr (weight] ar harm^ 4. 
make all iorts oftiipi’^trie witliout any \vt*aving loom, or waie ever yet 
He in this kingdonif*. fa 7b make haatH, skijtpen and hargen ta gae 
aist Strang wittil and iidt\ d. J'o make the earth irtort^ fertile* tlmn 
tl. 7. 7b raise leaier/iam lair piaers, and majnen, and emtl pitts, kp a 


raie nrrvr pet in use, S. J'm make hard iron soft, ami likewi^ie etgiper 
tuffe and .soil, whirh i-s ih»I in usi* within this kingdoim*. 0. J'o make! 


avwax white vc*rie wpetHlilieJ* d'lm privih»gt» was for feurteen years, 
th(! patentee* was lo pay a yearly rc'itt of 3/. (U. Hd, to tin* kim:. Mr. 
‘Y says chat Harnseyc hud piitenfs fir otln*r tnventitms from t’liurleii {, 
:lot*fi not <*numeni.ie lliem. As it. was not tht*n eustotnary to file Mpt*- 
cti<ais, there is no r*.*eorii of the tletailH of his plan. 
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It may perhaps be said, that steam is not mentioned; still it is clea 
plied in the second device, and was probably used in the third, fi 
seventh. The very expression “ to raise water by fire,’’ is the sa: 
Porta, Becaus, and other old authors, used when referring to s 
plications of steam. Worcester, Papin, Savery and Newcomen, 
scribed their machines as inventions for raising water by fire an 
they were named “fire water-works,” “ fire machines,” and “fire ei 
It should moreover be remembered that the word steam was not 
voo-ue. It is not once used by the translators of the Bible. The fl 
generally referred to as air, or wind, or smoke, according to the 
ances it presented. “Rarefying water into ayer by fier,” and sirn 
pressions, were common. The idea of air in motion, or wind, ^ 
applied to currents of steam : thus we read of heating water t 
wind,” and eolipiles were designated “ vessels to produce wind.” P 
form of clouds which steam assumes when discharged into the atmc 
it was also named .* thus Job calls it, in a passage already 

and Porta, in describing the apparatus No. 187, speaks of it both ai 
and air. “ The water [in the bottle] must be kept heated in this w 
no more of it remains ; and as long as the water shall smoke, (s 
the air will press the water in the box,” &c. — and again, “from t 
can conclude how much water has run out, and into how much a 
oeen changed.” Had Ramseye therefore called his device a sU 
chine, its nature would not have been so well understood as by 
he gave it, if indeed it could have been comprehended at all by th< 
term. The expression “ raising water ” appears to have 

tinctly indicated, in the 17th century, a steam-machine, as the ten 
engine does now ; and there is no account extant of any device eit 
posed or used, in that century, for raising water from wells and r 
fire, except it was by means of steam. 

The date of this patent being so near that of the, publication of : 
book, it may perhaps be thought that Ramseye derived some crude 
from it of applying a blast of steam to drive mills and raise water 
gested by the Italian ; but we should rather suppose some modific 
or device similar to. Porta’s (see page 408) was intended in Nc 
that Nos. 3, 5 and 7 were deduced from it. When once an efficie 
of raising water by steam (like No. 187) was realized, some appli( 
it to propel machinery would readily occur. We know that botl 
and Papin and others proposed to work mills, by discharging tl 
they raised upon overshot wheels ; and this idea was so obvious 
tural, that hundreds of persons have proposed it in later times 
knowing that it had previously been*done. 

From the order in which the first three devices are noticed in t 
lege, it is possible that they were all modifications of the same th: 
the second and third were deduced from the first, and* conseqi: 
vented independently of any previous steam machines. The ope 
making saltpetre or nitre consists principally in boiling, in huge 
cauldrons, the lixivium containing the nitrous earth ; and from t 
quantities of water and fuel required, was formerly carried or 
places only as afforded these in abundance. At such works, th 
employing the vast volumes of vapor (which escaped uselessly 
air) to raise the hot, and subsequently cold, liquids, would natura 
to an observing mind, and especially when the subject of raising ' 
steam was exciting attention. Certainly the idea was as likely tc 
practical men while engaged in the manufacture of nitre in the 1: 
of the 17th century, as it was to Worcester and others in the mic 
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to Papin and Savery at tho close, Perliaps it will l)c said, nitre was 
made in England at that time, and tliereforo Rainseye could not have* 
2 X 1 the hint from such works ; and tluit th(^ suggestion could only have 
n derived from a long practical experience iifthem, which lie probably 
■er had. Tliis may lie true, and it is not improbable tliat lu‘ was mtu-tdy 
agent in the business, having by his influence at court olitaiiKu! the 
cut for his own as Widl as the inventor’s henefit. The clause*, atfiudicd 
he 8tli device, not in tise within Mhv khigdoytiej^^ implies that iht'y w(‘re‘ 
all of English origin. But wiiatever were the origin and dtitails of thnst* 
raising watt^r, it is clear that the subj(»ct of stt‘am was thtni tibroad in 
world, and ingmiious men in various parts of Europe were exenusing 
ir wits to t*in|doy it. 

t appears to us from caption of llamst'ye’s patt‘nt, that No, 2 (raising 
Ler l>y fire) was not the first thing of the kind proposal in England, 
if it were he wouhl have saitl so, as well as of No. B, (soft(*nhig iron 
copper)^ — and this fnrtlu'r appear.^ from what he n'lnarks t>f No. 7, 
ising wilier from low places, mym^s and coal pitts,” probalily an irn- 
vernent upon No, 2, ami diflering from all ])r(wious applictations of 
im for tim purposes hence we are told that it wtis a /tern waie/’ oim 
*ver yrt in Had net suuuu th<*refore b(*en previouHly applied to 

le water, it is exceedingly probubh? that he would hurt* tirtachetl a simi- 
remark to No. 2. 

fhc Treatise on Art and Nutun*, nu'utleuml pagt^ 221, is tin' ohi«**;f. 

English book we havt* mi*twith that illustrateH 
tin* raising (jf watt*!' by steam with a cut. 'flie 
iinm‘Xt‘d figure is from jingt’ 2b. If posably 
may havt* Ijetm tledneed from tht* om* givtm by 
Decaus, (No. IS/>) but wt' shouht think mU : 
Hinrt*, although tin* volume Is a coiripilatlon, am! 
rwti tbirds ot‘ it takt*n up with “ watt*r«wi)rksd* 
fliert* is nothitig t‘xct*[it this from which to infer 
evt'ii fht^ .slightest aetjutunfuttet* with rh*eni!s’s 
book. It st*<*mH to iiavt* btM*u copi<*ti withmtf 
alt<*ralion from somt^ oiln*r autlior. It is num«‘ti 
*V/t f'o/uYvVer/^ ham/fj /iurhtg t/te image ef a nirk 
.^iiiiffg tm the ta/r^ out of irhoxr mouth hg (hf 
heat of the lamp either trater or tiger mag he 
sent.** Tin* dt»vic<* consists <»f an t*oiipiie ctm* 
tiiining W!itt*r and htsuetl by a hunt) of st'veral 
wicks, 'ritf* image of tin* blnl is ht»llow, and 
co!!!m!micutt*s by a species of tbn*e«way ct»ek 
with the steam. Jind tdsi» with a pipe that df*» 
semids into tin* Ii<piid ; so lliJit when the bir«! is 
lurueti rostnd till an optming in the moveable 
dif>k to which its lower pjirf is attac'hcd eoiu« 
<*ide4 with nntither which comrmmlciues with 
tin^ stejim in the upper part (d* thf* vess«d, vap»<r 
m fnirn the month; and when it is ttirnea till tin* upper orifice of’ line 
J correspoiidH with the opejfmg iii the disk, then hot watt*r is <l riven 
; and when the opening In the clisk dot*s not colnchb* svith eitlier, 
ling can esnipe. Afti'r o!j>c*rving that an opening with a proper sfe^p- 
should la* mmie in the vt's^el, to charge* it with water, tin* writer eoit’* 

No* 45 of Worcc’tirr’i* r«uinirj of lavcntions, is namod •* A most Tiinkr- 

•/' No, 71 '«A Buauro Key mmi amcateJ tliau any oilier;” nial No. 74 ** Acm 
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Raising Water hy Steam, Jr om Kirclier . [, 

tiimes — The larger you make this vessel, the more strange it \V3 
in its effects, so the lights [wicks] ho proporcionaihle. Fill th 
lialfe full of water, and set the lights on tiro underneath it, an 
short time, if you turn the holes tliat arc on the sides of the p 
they may answer one another, the water being by little and 1 
verted into ayer [steam] by the heat of the lights that are uiHhn'n 
breath forth at the mouth of the ci>c*.k : but if you turn tln^ inoi; 
cock the other way, that the holes at the bottom of tht' pipes mi 
each to other, then there being no vent for the ay(*r to breath o 
presse the water and force it to ascend the pipo, and issuer out ^ 
ayer breathed out before. This is a thing may move great adrn 
the unskilful], and such as understaud it not. (Uher drrhrs^ 
much more strange in their effects^ may he contriretljhim henreJ^^ 
Kircher, in 1641, described in bis ylr.v Slagnetica^^ the device f 
water figured in tlie margin, a mod(d cd' which ^ 
in his museum after his death. A <dosi^ rt'ssed c 
the water to be elevattal is connet'ttul by a pipe 
ceeda from its upper part to the t(U> of tln^ Inal 
is supported on a tnwet. Wlnm the boiltT wi 
steam ascendtal through the pipe, and accurnulat 
upper vessel, forced the water up the jt'l-pipo 
sented. 

This, it will be seen, is Porta’s im!U*him‘ i 
adapted to the operation of raising li(piitis, wh 
hibits in a very neat and satisfaettuy iiianner, 
however equally clear that Kir<ditn- had any iileri 
ing the plan to the draining of miu(»s, or other 
purpos(\s in tlie arts. Had such btarn the ease, 
most likely liavti mentioned it in his Mundm Sul 
a work pttblished sojne years afterwards, and 
cond volume of which lui figun's atid clescrilH^? 
nary machines tlum in use, viz. tlu'? l)uckt‘t and 
chain of pots, chain pump, and atmosjiheric pun 
form of the model (an imitation cd* a vase suppt 
column) rendered it an appropriate addidou i 
losophical apparatus. 

In 164.3, the great discovery of atmos|>hiunc 
was made ; a discovery whose iufluenc<% Hk«^ tl 
atmosphere itself, is felt more or less in every art 
science. It led in a very short time to a series of inventions of tl 
value, among which the reciprocating steam-engine should pr 
placed. Wo mention it here in chronological ordcu*, that its ini 
developing and improving the machine just namcul may be mo 
appreciated when we come to notice subsequent attempts to impt 
by steam. 


» John Bote, who published a treatise on Fire-works in 10tl5, was perhaps tl 
of this curious volume. Strutt, in his Sports and Pastimei of the People <: 
quotes Bate’s book, but it would seem mat the same cuts wore not in liotl 
speaking of! hojys^ kites, Strutt observes that the earliest notice of theuj that h« 
m books was in an English and French Dictionary of 1690; whereas there 
of a man flying one, with crackers and other lire-works attached to the tai 
cond ppt of Art aird Nature.” 

^ This work was published in miarto, at Rome and Colonne, in 1641 ; a 
at Rome, ill 1654. Catalogue of Kircher’s Works at the end of the first 
Mundus Snhterraneus, Amsterdam, 1665. 



No. 190. Kircher. 
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iiap. 5.] 


Some remarkably iogtmioos experinieiitalistH llnurisbetl abom. the nfublle 
‘the 17th century, whane naint'H Iiavt' perishetl ; aiul ol* their labors n(»- 
ingis known, (‘xcept an tumrneration of the ust‘.s tt* which sona^ of tlu‘ir 
ventions couhl 1 h^ ap]bu‘ii. An example of this is furnislnal by an ano- 
^mous parnplbet,^ published in ir»5I,froni which tht^ fiillowing extract in 
ken. The (hndta^ rei’ernai to setmis to have poHsesHtnl 4‘verv attribute 
:‘a modern high-prcH.surt^ tmgine, ami thc^ various npplicutit>ns t»f the lattei 
>p<ai,r to have bmm antici|>ait*d. ** Wiiermis, by the blessing of (iud, 
ho only is the givtu- of tnery gi»od and perfect, gift, while I was mmrcle 
ig after that which many, far before^ nn* in all Imnnuu' ituiruing, luive 
)Ught but not yt‘t found, viz, a |H*rjH*tual intuitui, or a h'ssenitig tlie din- 
,nc(i b«u.wnHm strength and time ; tlumgh I sny, not that i have fidly ole 
ined the thing itKtdf, yt‘t I Intve utivanctnl ho near it, that alremly I 
ui, with tlu^ strength or htdpe of ftajr men,ilo any work wlfudi is done in 
higland, winU,ln*r by wimle, watt*r or horses, as tlu' grimling of wheatig 
Lp(‘, or raising of wattu-; not by any povvtT or wiscloine ot* mitnt own, 
at l)y (lod's assistance tind (I hunddy iiope, after a H(»rte,) imnnaiiale di- 
iction, 1 have been gnidetl in that st'areli to tremle in anotlnu' patlm than 
ver any other man, that I ean hear or reade td’ tlul treadt^ before me; 
et, with 80 good Knc<*ess, that / /ittve tdreodg netiai oite Ilf fie nii*hn\ nr 
reaf, model, of Lntnbefh, able to givi* sudlcient demonstration to either 
rtist.or otlnu* pt*rson, that my itjvention is useftd ami benetirial,(liU others 
ly itpoii proof h(»w ttmch tnore.) as any other way of working hltluTto 
tiown or used.’^ Ami he proceeils to <dve “a jia <»f the tcaai or upplna 
ouH fur whiidi tliese engines ur»‘ fit, ftu* it is wry ditlleulf, if not unp«»sf4' 
le, to na,mt* tlieni all at tin* same time, d'o griml malt, <»r hatd ta»rne; 
) grind siHsi for flie making of <>Ue ; to griml colours for potters, painters, 
r glassedmtisert ; to gtittd barke for tantsers; to grind w<hh1s for dyem ; 
> griiid Kpic<‘S, or Hnntb*, tfdauTo ; ti» grind brick, tih% earthy or i>itones fur 
lastin'; to grind soifor-^eaneM ; to draw up coales, Htones, nre, nr tin* likts, 
r materials for great atid high buildings; xt% dmw tvgre ; to draw wanT 
'(Uii nilm*H, me<*r.s, or fens; to draw water to serve cities, towniss, castles ; 
ml to draw \viitc*r to ilootl tlry *p’oitmU, or to water grounds ; to- iiruwor 
(lie Mhrirn, hootiK\\ 4r. up riVrv’.f the xfrenm ; ft* droiv enrfx, wv/gow.v, 

c.asjhfif wlfhmit eotiri : to drum the plough ivithout eoffrl to the Mime 
(*Hpafek If need he; to brakt^ beinpe, flax, tVc.; to lenph omhoiM leifh /o« 
Y/iihie and rnnmer ; to rpin cordage or cables; to ladf, meale faster intd 
nc ; to saw stmte and timber; to polish any stones or nnatjd.H; to tnrm 
mj great wtada in. ivood, stone, mritah, l^r. that could hardly bo done bt!» 
)vo ; tojlie muek rhenper In iiii great teoihH; to hoir letmtl, stome^ fnettalM; 
) tbrashe rsorne, if ntaal be; to winnow' rorni* itt all timt*s, better, chi*a|an\ 
IV, . For pit[ier mills, thread mdln, iron tnills, plair miHm} turn mnltk 

If this t*xtriiordiimry engine of motion, obm*rvi«.s Mr, Stuart, to 
■liom we are imfebietl for the extraci:, wan not aome kind of a Htisuii" 
sginc, the knowledge of an tn|i.iitlly phistte lunl ptnverfnl mtuive ?»genr. 
IS been utterly hml. 

Stea tn is not here iiidirati*il, but it is ilifKciilt to conceive any lulier 
(ent, mdess some t*xplrmive com|>oijiiil be mipmmed, by whieb tie* pres" 
ire of the afniospltert* xviis excilml. That the engine eouHisted of ii 
'orking cylimler and piston, iiml the latter moved liy Hteam, must we 

** inrentim uf Plngtnen -of Meium hirlif hrtmi(ht tu prrft'ftum ; '* whcrcio- may he 
I any work hew dene ih I'.itglamI, <*r r!«w,%itcrc, Cc’iiiecmUy %verk*» ihet o'i|inre ^irifnith 
icl swiflimw,) fiiilier by waif*r, %%’sii»h rjilirl, er mcii, ami tlint wuh biutcr iirreiiiiimiltr 
ui ami more jirefit tliitii liy any tlung luihcrle known ami Lontlon, Hiril. 
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Oliver JBmm anJ ./<//#« Fifek, 


[Bt 

think 1)0 atlrnittocl; for ahlion^^h must of tlio oponititnm monticniot] 
have been perfonnod by forrin*,^ up wnior on an c»vrr.Hhnt wIhh^, 
apparatus similar to PapinV or Savt*ry'?«^ ilicre art* 

to which such a rnoth^ was quite itia|;pbail4t\ us nuhin^x t»r ancii 
propelling carts, wa^u)iiH and plottf^iis. Hie inventor, whoever h 
has given proofs of an <‘xtraor<lina.ry sugueiry, for everv t'peraficui 
by him is now effecttHl by tlie steiuioengine, exe<q»t ndsing flte unr 
»unun-v(\ssels and ploughing. The hitter k at preHuit the subjtH-t 
p(;rim(‘ut, and the fornnu- will in all prol»abi!iiy be stion atlopietl 
author’s labors were nio.Ht likely not iip[)reriiif<ul by hi?i coufenqu 
and as the world is always too apt to think the worst in sueh eus 
whole will probably /if>w be set down Isy sume persons iin tlie tlrea 
sanguiiH^ proj(*ctor — the* Judgnnmt cominonly pithsed upon thosi' w 
in {ulvance of the ng(^ rluw live in. <h* this liuntuifidile truth sevt* 
arn{)h‘s wilfbe found in thi.H vohumq and in tin* history of evt*ry inq 
invtmtion. We shall notiei* two here, ns they ndate to two <»f tlr 
valualih^ applications of steam. Oliver Evunn, in I7Hih urgetl i 
comrniuet^ of thi' h^glslature of Pennsylvania, the advantages be t 
from Httnun-boatH and *\steam-wagonsf * aiul prediiUetl their un 
adoption in a short lime. Tht» opitutin whteh the romniittiM* forii 
him was expressed a few yeiirs aftervvnrds, by one of its iiietiibers 
following words ; ‘‘To toll you the truth, Mr. Mvans, we ihoug 
were derangiul when you spoke of making .v/ruw Tin' 

relates to Jo/tn FilvAj a clock and wiiudi tnaker, than whom a mor 
niouB, persevtunng niul unfortunaii^ man never lived. In spite of tliih 
that, few couhl withstand, he smnnuHled in raising tlie means to eo 
a sUuim-hoat, which hit ran sevm'ul times from Philadelphia to Bur 
and Tnmton in 17SS. As a first attmnpt, anti frtnii tln^ want of 
manufactorie.M of macium*ry at the time, it wuis of necessary imp 
tlum public opinion was unfavornlih*, ami tln^ Hliaitditthlera tinalh 
<Ioned th<^ schtunm IBs fetdlugs may ht' imagmmi, Inii not dost 
for ho saw and prmlicftal tln‘ glory that awaited the man who shou 
coed in introducing such vossids in rrmre favorable tiim*s. ** 'fhi^ <i 
come (he observes] when some more powerful man will get fan 
riches by my Invention, Vntt nobody will lielieve that ptmr Jtdm Fit 
do any thing worthy of attention.** He tleciared tlmf within a r 
the western rivers would swarm with steanoveHsels, and he exprr 
wiali to be buried on the margin of the Ohio, tliiit tin? music ofiimr 
gincm in passing by his grave might eclio over the iuhIh ihiit covert 
In a letttw to Mr. lliittinhoust*, in 17112, htt shows the i.ipplicidnlity oi 
to propel ships of war, ami asserts that the Bmne ugeur woiihl be a 
to navigate the Atlantic, both for packers and armet! ve^sek. Dna 
on one occasion n[)(m his favorite topic, ii person pre.sm)i ebnerved it 
retirml, “poor fellow*! what a pity he is crazy !** He eiidml his I 
fit of irmanity by plunging Into the Allegany.* 

In tracing the progrtsss of tliscovery which re»ulf.etl in the steatiiH 
we have teen that ilu; two grand pro|>t'n‘tie8 of iu|ueoiis vapiu*— its 
energy, and the instant anniliilation of this energy by tmruhnisai ion- 
well known in the ICkh century. On the««^ properties of steam wen 
■all the efforts of experimenters to accomplish the two gnat objec 
had in view; L e. to impart nmtion by it to gmiera! mi’chanism, 
employ it as a substitute for pumps lt> raise water, fiefore eiti: 

« Supplement to Art. “ Steam* Bait,” Ed. Kncvelepnlin, by Dr. Me'iiut aiiclt 
“ Early Settlement and Frogr^ of Fbiladelphik;* Fliil IHSi 
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lap. 5.] Ciassijimiitm t)f 3lmlem Simm Ettglnm, 

LStlc force or tlie cootlensatuHi of^stfuiii cimlil he heiieUcially appli.-c! 

VC motion directli/ to sitluis, huiuo |ii5Ui very tlitVereut iVtuu tluii nf llrant-a 

xs required one by which flu‘ iluld ctuihl ht^ U’^ed in ilmr 

Dvv there is in tlie wholt^ nuu^o id' uu'chHuiral iattuhiiuiiinuM bur tuji» tb* 
ze of the kind yet kutuvn, hihI it h'l^^ but few iiuHiifieatiiius, v»^. a 
(I ci/llmler. EKperituiee han |»ri»ve«b that ef all <aift(rivani‘*- . tbi- rraan- 

Llting the fortutof hi|4'idy tdastie Huiiis fi» Holid bmiii’ji, tluM i-* ihr b. 

luis ‘^uus arc cyliiulerH, uud buliers nvo plntiuis, furtul f»»fjli the bnri* an.! 
the Gallic time to move tluam^th the ruraicht barrei.4. If h the ^aiur, 

[iatcv(*r the impi‘llin‘4 afteut may !»e; whetlu’r iom’|»owdtu% Hfeam, cr 

mpressed air. The of (h<edbiu*t are fie*' cthle^f. marluiif'fi i»f 

[) kind oil record, luul from ilu*m we that the luirieuti lout de!rt’te»i 

Ls ni()do of eniphjyiutr aerifunii tbnd.H, 

Steam-mieiucH Him|dy cimjattenHl are !»ut intulifieattou'^ of *om^4. In rh#‘ 
.ter the Imliiit or pwttm in <lriveu eutirely out of tin' <*ylintlei% uiid in 

0 direction only, btHam.Hi* the iiiteafiou i^i to impart the mommifttm f<» a 

jtaut object at a blow : but by the former the d<“a|»n ii f»» ihuave froto 
3 moving bulh;t a t'or»*e; heuee it i'l not alhoved to Irax e flu* 

limlor, l>nt made to traver^ie iuee-riaiitly Imekwardi and forwardi 
'thin. In tti traienihi it-i impetiei to the out’ude of the eybiefer 

d to the olytmtH to be nefed lipon, a ?itra.ii»ht rod In aftarfiod t*» it, arid 
xdc to «lide through an opening in «>ne end tjf the rvlijsder. I? i-i hy 
;.*ans of thin rod that motion i’l nnpuied to tin* maelenrjy mn-nd'-d fob** 
:)vcd. All the inechani'au, tlie uherb, iTtok-j, '.h.iff s, drai-ej, «?w. 

uun-engineH are hut appemlagex to ih*^ <*yhnder and p.-aon ; lo ly 

1 removinl and tin* energy of tin' m-e-hme fUdI r«'muiej; but fake 

vay either eylintler or pi'Uou and the u bof*^ b*''eom»’*i mm’t aa fhe bnibi 
an animal wlnwci heart haa eea’a**! to ddieridor**' it ia ih*^ xvorkmg 

lindcsr aiul pintou alone that g'ive eflii*nmey to mod»n'n ^teum engifir» ; 
d it in tt> thoMi' I'lerHoiei wlio i-ojUnbuted to introdtie*» ttnun, tbal tlie 
:)ry attending tin* invmnion of th*'*ie gr«*at prime movtwi In ehn-lty flue. 
Whatever may be naht r*eipertmg iimre aneieiil appiif‘atto$r4 *4’ nieaiii u-i 
miving power, modern engme i aiu' j«n*' of lie^ n^nulti of fh*' dsHrovrry 

atrnortpherie prefemr«u All tin*' tuirly oi wlindi flenrupfejiri are 

.taut were rather fiiV ilian nteain marhim*-*. n*»i being mov«*t| by the liner 
:id at all. Their inxuuiftu’?i bad in* idea *4' emph»ymg tluf ela-uo' foree 
steam, lint eainfininl iliemMelvfei to the atmo-qdier*-^ ih a ’source of iniUive 
rent hence they merely iippliini nteam m beii of a fiyringf^ to 
: from a cylinthir, ihitf, when tln^ x iipor lao-ame ron«leie»t'd by robf inir* 
ii(|uid, the atmfHpItere might force down !h»f peiftm. ddeat fiiH wai?* tlio 
ay in which modern «mginfr*i f»«*k thc-ir rc:*’ it|»pe4i"i, furtiou*, from the 
mo fmiture Iming ref.aineil in a great p»*r!ion *<1 to iliiw day. ddiev 

0 now rangful in rhrta» cleriC;^— 'hu uimonphn u\ 2d /«ir prnsurr^ end nd 
/i/v%w.re engineH j imil tbii we knoxv the or*{«^f m wldeli fhtyv wrro 
wcsloped. In the firnr, the p-ower ct ibaavetl i^yelufiively iViUn fla* afniMn 
iort‘, the VJipor employ *u| being nmnl oidy it ^idi«lirufe for an air pump 
making a vacuiifn under llu'' pinion. In pr*iee'^« tif tiim« the -o’cund 
vised, in which fli<’ ehi«iic force nf Meuiii m imnle lo art agaeru on»’ nid»’ 
the piston, while n viiciiiim in foritnal on the oppf*nif*’ fdd»n ‘Tb*’ 
f.p was to mov*! the pi^tton by the «t**amjtlom% and ’undi are n.eo-.-d 
ejssuro migim*^. The lenu amgincr i-i ther*4brf' nor *:m d^diiiU** si# 

mo ptifHons might nuppoHe, ’Oiaat i| la n*»t i-onfined f * oi wlo* li 

Jam is the prime uutv’or, Ibid if tioi lanm for d'o!'ia*‘»*bl'i d3';cs.*ver% , it 
posmble that we slnmld never have knitwn any lUiier ^sperU'-i uf ^110011 
ignie tiiim those of the llnrd etcia; and lo-ne*- we rene-af, that %\iiiiir%'ef 





426 GuerricJce^s Illustration of Atmospheric Fressnre, [] 

may be tliouglit of engines made previous to the 17th century, 
modern days were obviously derived from atmospheric ones of 
class, while these in their turn were very likely deduced from : 
ratus described in the next paragraph. 

Otto Guerricke, of whom we spoke at page 190, one of the eai 
as far as mechanical ingenuity went perhaps the most gifted, of 

elucidators of atmospheric 
exhibited in his public exj 
at Ratisbon, in 1654, the : 
application of that pressure 
tive force. A large cylinde 
firmly secured to a post < 
It was open at the top and 
the bottom, and had a pis 
rately fitted to work in it. 
was fastened to the pisto] 
passed over two pulleys, B 
resented, by which was sus 
scale, D, containing severa’ 
When the air was withdra 
the lower part of the cyli 
pressure of the atmosphere 
ed the piston and raised the 
weights. To vary the ex' 
the weights were remc 
No. 191. Guerricke. A. D. 1654. twenty men Were employe 

at the rope with all their i 
but as soon as a vacuum was made by the small air-pump attacli 
bottom of the cylinder, the piston descended, notwithstanding 
efforts to prevent it. 

This is the oldest apparatus on record for transmitting motion 
by a piston. We can however hardly believe that it was the firs 
for the purpose. It would be strange if it were ; for whatever i 
been the nature of Anthemius’s, Garay’s, and other old ma 
which steam was the active principle, pumps and syringes had 
common, and experiments with them too frequent, for such a ( 
have been unknown. Such men as Aristotle and Archimedes, i 
Heron, Roger Bacon and their successors, were all aware that i 
presented the same phenomenon as' Guerricke’s apparatus, wher 
ton was drawn up while the discharging orifice was closed : 
tjiing was also observed with common pumps when the suction-pi 
either closed or choked. Experiments therefore to illustrate : 
thus excited were in all probability made, and with apparatus £ 
that of the Prussian philosopher, long before his time, although n 
of them is extant. But if even such had been made, they would i 
in any degree the merit of Guerricke, since his experiment un(3 
originated with himself, and all knowledge of similar ones had 1 

In this device we behold the same moving force, and the sam 
nism for applying it, as were subsequently adopted in steam-engin 
at first were little more than copies of this : for example, had 
pump-rod been suspended to the rope instead of the scale and 
the apparatus would have differed from Newcomen’s engine oi 
mode of exciting the atmospheric pressure. To Guerricke, the 
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tual means of omplojin^ it. No one cotild, \v(‘ tlunk, claim an equal de- 
gree of merit for slniply applying (not inventing^) another mode of produ- 
cing a vacuum under tlie pinion; hut without insisting on tliis, it may he 
ol)S(‘rved that even at pia^sent, in all low-pressure engines, tlu* vaxminu is 
Huuh; just as (Juerri<‘ke nuule it, viz. hy an air-jmmp ; so that tlu» inipn'ss 
of his genius on tlu^ sttuun-tmgim^ is nt) mon^ ohliterattai in this r«nsp(*cr. 
than it is in others. Every unhiasstHl mind will therefore admit, that an 
honorable place in its history should be assigned to llus philosopher of 
Magdeburg. 


CHAPTER VI. 


Efiatooi of oW InwtUora tor co«f!«*kliaK ttmir lUncovftriftfr—t'ftjitury of of W<>r- 

luvoiiUoiw iwtitwroill tifforo thr> Oivil Want— Hovoml rovivoit ulnco lus l*rol»l«iuiw k» 

th.« “ Century in ohlor nnlhoi®- Itinl ronstiiijr itwif -Imarisoniiif?' Chnir- INirtuhlo FiirtifU'uuon^— 
Flyin|f--“IHvir«|i? "laotitilo® Hi»lii«suino Hhia^'ritr tirah l*fohloju-~'rhii rotiiurktUitv osiUioit - 'rUo 

ofono Ixolor uud Oto rrorivor®* ‘rim r«*<*«avors <‘hnfK<*<l tv nlnum|»lunio '’****«•« ‘f'lii'rr tuui 
four-way ('«K‘k»«-'Au hyariinlnt of Wotvostor turtition*'«l by <’o»i»no Wot'<'r<»a r*s 

maohino aujoTior to }»rorrttjfifC onos, aod sinubir to Huvory*»~ ia#i{oit itnifiim also miuto by lum « 

C«i)y ofifm Jam tUftm rrol>l«nii»{« llm iVatury- • Iimniuous whhIo of Riaung llmm- Foo ing lbunpi work- 
ed by Htontn-KugmM {ti<bUo -■■Hmiuuab»at iiOrafrd by VV<»r<'0*t*^r-"rroj»*<*lori« 

pistnl in bo ttm<’--a*aiinuroa i*ari»*«turoil in a jtubhi" jnoRoaiUai''“N«gbna id’ Wiifrii»l«ir’'*'-in» tb»alb«* 
ror»fn*uUo»j of widow ■’'.•Wtirtmjitnr tnnuif itm Mrffbanirtani'ttf any agn or nanoU“-(i lanlmr. 


As yet wi' hav4» not met with any liefinite description of a steam-enghm 
in actual use, 'Idn« can only bt' accounted fi»r fr<mi the fact that oh I in- 
ventors W4UM^ all jikilium i>f the prltitlug-press. Tliey heliev(*d their Inte- 
rest rec|uireti conceiilimmt on tlndr part, that pirates might not rol) tlnuii 
of their liihors. They hav<’ been blamed for this, and ho huv<^ some mo- 
dern meclmnics, but we think withont naison ; itjf, to <ditain Hatiiifaction 
at lam in sttch cases, wiih formerly n« diirmult as it is now in most cagen. 
To ha,ve. to purcIniHe m in a lottery, with money, is had in itself, 

and worse laatituie tjiose without money cannot obtain it; hut to hiivti to 
give more! for It than it w wtirth, if perclianee it lie awarded, is a disgraco 
to enlightened nations— an evil tliat savagivs wcmld not Ihr a rntunenl en- 
dure. It Is fhiiM that law, though tirikined to jirmnote jiwtice, is s<i |,>ro»- 
tituted as not «mly to dtdeat the tdiject few which it was designml, Init to 
clierish tlie grossest injustice. It has always liium a lair to th«^ prognvis <if 
the arts. The dilficuhy arnl expense <if <»luiitnirig and prcHcrvIng an ex- 
clusive right t«> tlieir Invtmtiona— that is, to their tiwn pni|H*rty«—hav(* in- 
d'liced invmiiors more or less, in every age, to conceal llicir discoveries till 
death, and even tlten to destroy all records reMpectlng them. 

When oh! inventors were solicitous jnildic patronage, instead of es- 
tahrishing tlnur claims to it by explaining the prlueipleH and operations <if 
tlieir machifies, they eoiiteiiled themselves witli enumerating^ thtur uses 
and good qualities merely. They proclaimed flje giasit fitlngs that could 
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could appreliend them. Of this mode of exciting' public attentio3 
account of the engine of moticui in the last clui[>ter is an example 
several more may be seen in the pamphlet publisiied by the Martp 
Worcester, in 1603, entitled “ A (Jeutury of the Names aiul Scan 
[outlines or hints] of such Invtmlions as at present I can call to in 
have tiiod and perfected; which, iny former notes being lost, 1 ha. 
the instance of a powerful fritmd, endeavored, now in the year 16; 
to Htit down in such a way as may sulHcitmtly instruct me to [)ttt a 
them in practice.” This l^ook is ma<h* up of one hundretl invei 
numbered from one upwaiais. It contains a distinct iadenmc<i to a 
ing stearn-machine for raising watm-, and also hints by which its j 
and construction are pretty cltuirly asetntained. There is some rea 
bt*Iu*ve that tin* nuxleru high-pressurt^ mjgimj is also reft'rred to, 
the circumstance of the uutlnu' having figured largely in tlie civil wj 
having luam an enthusiastic atlhertmi of CHiarles 1. and of monarcl 
eharaiUcr anil that t>f his hook havti been represimted in the l>est and 
of lights. liy his enemh's he was held U|> as false and unprinclp! 
the highi^Ht degrtai ; by his friend.s, as chivalrous and of unspolttul ] 
The ** (lentury ” has been dimouncetl as a schemii to imposes on tin 
dulity of mankitui — the dream of a visionary — and ilume, in his H i 
goes so far m to name it ** a ridiculous compound of lies, cidtm»ra: 
impossibilities.” (,)n the other hand, it has been received by nnue 
generally by practical men) in the light in wliich the author ri‘pn^si 
vi'/.. as a memorial of iav(*ntion.s actually put in practice by hlm~si 
he Iiiul really ** tried and perfected.” 

With the political conduct of Worcester we have nothing to <lo, 
naturally enough supporteil that system by which he and tin? rest ' 
ivords aetjuired and imtailed their I'xclusivi’s prlvilegim ; among whi 
ahominabh* one of htung legi-'^l^ifor.s by Ifirt/i was pt‘rhaps tlu^ most ( 
anti mmaturah (hi the iUll of flu^ king he reilrtal to the c.ontinmif, 1 
the reijucvst of <lharles 11, ventured to visit Lomhm in disguise iu 
Bthng discovered, hi^ was arrested, and coufmiHi in the Tower uu 
reiistabUsInuetit of nionarchy in 1660. died in 1667. 

We have no positive information n^specting the time when he 
mmictal his meimanieal rescmrches. There is however rmison to h 
that most, if not all, the inventions enmm»ratml in the “Clentury” 
maturml before tlie civil wars liroke out, and conwH|mmtly that the m 
of tliem was drawn uj>, as he deedares, in 1655,^ No, 66 he olmmwi 
tried before (Charles 1, Bir William Balfour, and the Dukes of Riel 
find llamiifon; anc^this could not have been latm* than 1641, for b 
was dismissed Unit year. In addressing the Century to Farliiimc^ 
mentiouH having had t.h<^ unpandleletl Wfjrkman, Caspar Kiiltoff,” 
employment ” thest* five and thirty years,” and who was at tha’ 
(1663) eugiigetl in his servici*. 'fins eairries back his experirntmis tc 
Home of his ” water- works” were in operation in his father*^ cas^ 
ilaghind, in Wales) at tin* commeficeiiitmt of the Long Barliamenf, 
for by their midden moviunents Im is said to have! frightmied certain 
nmti of di© Piirliannmt, who %vent to Hfiarcli flie casthi for arms. 1 
ture of these works is not indicateai, except that they conaistiHl of^^s 
enginei and wheels,” and that large ipiantitles of water weri! contiii 
reservoirs on the top of a high tower, Wluuher steam was the* age 
ployed to raka this water is unknown. It couhl not havi! Iieen if t 
dition, credited by soma writers, was true, viz, that his attmitifm w 


Century is eopted invol. xiti of Tillocb’i Phil. Mag. ; and the editor r 
** this little tract was first pubiyied in 1665 /^ 
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drawn to the employment of sttnim by obHt‘rvin^t» a primmer //i tlie 

'Toioer^ a pot-lid raised or thrown oib by it. if this wus iht‘ vim\ tlnm no 
dependence can be plaetnl on Wt)reesit*r*H assertion, that tin' wiinh* (h*n- 
tury was written in lt)5n; l>ut there is no reason tt» <ptestiou Ifn vnrueity 
in this respect. On the contrary, the trtulition is (divioiisly a fal>ie ; one 
that has been applital to others a.s well as to him. 

Althoimli many of the dtwh'es in thti (Jentnry a|)pear at first si‘d»t e>t- 
trcinely absurd, aiul others impo.ssihle. yet t‘very year is produrini^ u st. lo- 
tion of one or more of tlnnn. One iialf, at b'ust, of the nninber hav«’ !n*«*u 
realized; among which are telegraphs, floating imtiis, short-hatul, eoiiibi- 
nation locks, kt^ys, esctitcheons and seals, rasping nulls, randle tnonlils, 
enmiies for deeptming harbors and dtieks, eontri%-inii'i-s for ndeasing niiruly 
horses from carriagi'S, torpedoes, diving apparatns, fliniting gardens, bucket 
engines, (s(a> page G4 of this volume) univeu'sid lever, repeating guns and 
pistols, douhh^ water screws (p. MO of this voL) aliucus, portalde bridges, 
floating hatt(‘ries ^c. b<‘sides hm upplicatioiiH of steam, winch will lie no- 
ticed niore at largt^ fartluu- on. 

It must Jiot he supposed that Worcester wus the first projector of evt*ry 
problem in the Century, ultlumgli his solutions tnay luive been pemdiar to 
himself. The greater part may he found in fh<* works of Porta, Klmld, 
Wilkins, and otliers of his pnali^cessors and ctuiteinporaries ; so that the 
charges of absurdity lirought agiunst miiny of them arc not attributable to 
liim alone. Indeml, the Cmtlury is in a great mcii aire freo from tho'io 
puerile conceits tlnit ahouml in ohl authors* No. o he names **u om* line 
eypher,” that is, a charai'ter coinposetl of a ranch' iu!t\ w Inch by it’» |h»’ 4 
tion wans miuh^ to repn^simt mich and every letter of tht^ a!ph«d»ef.. |Kow 
used in short-liand.) No. 4 is an improvement, ami consists in 
2 whit't or doiH in placi^ of litics. Nbn h, ** a way by cirrtdar nmtunu either 
nJring a rule or ringwise, to vary any alphabet, even this of points/^ Hun 
Now these thrm! systeimi were explidnetl ami illustratefl by diwgratiw in 
(hn,ail, twenty-tAVo years before the publication id' Wnrr«-sier*i4 hook, by 
Bishop Wilkins, in his ** Mercury, or secret and swift Mtsssiutgin',** a tract 
printed in 1G4L Tlumdeventh chapttu* treats of writing by invented 
characters ’''•—** how to f*5C|u*esri any sense either by /lacj, points 
The last was by urriiiiging tlu^ points or dots in th*' f«*rms of ctrrlr% 
S(}nare«, triangles, iVc,. Wilklim speaks t*f tin' who!*' an an old «levice. 
Another |)rohlem in the Ceniury is ** a universal characti-r.” This Imd 
hcmi ofttm attmnpfcil, and Wilkins wrot*' also upon it. Anotlirr, **ii water* 
to show the Inuir i*f the *lay. 'rin-re \ver«* sjuiie snc-tulai speriiiicfis 
of these eloeks in Hervs**rt'*ii inus»-iim, who h w-as *‘e!ebi-iiied lor its cob 
h‘ef,inn of inechanicid d*'vicc.s, ami w hich d*»ubth''ss Worciener find olfeii 
visit<‘(l, (Sra' pag*' ami nufe batf *4' page b.'i.) Hit' universal lever. 
No. 2G of the C’entury, hi? atlmits having *'i**en at Venictn and the btirket 
engim^ (No. 21 ) at ll.osmn It is probabh' he derlvini bis *CftipriMteiiijg 
chair” from the saiuf' pliici' ; for llnu’f^ was in Ins din»% mn wudl its siin‘«% « 

a Tfa*rr is ri Hin^mlar mir in Jiiv itf ** ttf n hint w-fiirh ros-ita to 

Bfirg’ which, hud \V**»rcr»tcr nnuilinncd, fhw wtitiM liavc rmlu«*d wulnmt tint 
tion, " 'fiikt' fi wren and u en a hii^«4 »nrb, and lay il flnw'ii tscNn'c tht^ |io% flic iwp 
ends (d* ih** hir/,cl iami^ «u|ijn»rird tty ^tnic'thin^ that o hint ; iotd ^sni with 

adinirntinn iljc f*|Hi nnd ihii Imtl nuu to Itiilc- Hint links %^'Ulatnl iil{ hts 

miiic rn.'wtcd.*' 'riti's witv^ O/itnniin lir«i haunt *»tu tiv I'solmi! I*sii»*it. -it ICnine, 
The niotieii may t»c arrsmufed f*i# mi a ^umlaf |ir»iicijdc h-» of |iis«» Inie^ 

when wt|>|a»rl«nl it! *‘iirh end hrhu'n a lire, and t*\* n wtien imdue-d aiMnol ihe ilfe^|*l»e« 
with one end nn the Itietrili, %i/. : the tsi'ai, tn-ituf annhed lu «*ne ■tuie niilv,, riiti«e» lh#i 
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famous maclnne of tlie kind exkibited in tke Borghese villa, wHi 
not Lave escaped Lis notice. It is described by Blainville as ^ 
fully contrived ; and strangers, wLo are not acquainted witb tbe 1 
infallibly caugbt as in a trap wLen they are prevailed upon to s 
Travels, voL ii, p. 35. We sLall notice a few more : “A littL 
portable in one’s pocket, wLich placed to any door, witLout any 
one crack, openeth any door or gate.” A, similar device is q\ 
Wilkins from Eamelli, thus : “ A little pocket engine wLerewii 
may break or wrench open any door.” (Math. Magic, book i, 
first published in 1648.) Again— “ An instrument whereby an 
person may take any thing in perspective as justly and more thar 
fullest painter can do by the eye.” Probably the camera obscui 
Baptist Porta had described, about a century before, in his Natur 
See page 364 of the English translation of 1658, and also Eludd’s 
Simia seu Technica, 1618, page 308, for another mode. No. J 
Century relates to “A moveable fortification — as complete as a reg 
with half-moons and counterscarps.” Such a one is figured ir 
Simia. It is of a triangular form, with breast works and canno 
along two sides. The whole is made of thick timber clamped 
and moved by horses, which are yoked to a long pole or mast, i 
ported on wheels and attached to the rear or base of the trian^ 
to be out of the reach of shot from the enemy. The horses hj 
faces to the fortification, just as if yoked to the pole of a commor 
and fronting it — or, according to the old saying, the cart is pi 
the horse.” 

His modes of discoursing by knotted strings, gloves, sieves, 
&c. are similar to others mentioned in the Natural Magic of Por 
other works. Wilkins’s Secret and Swift Messenger also conta 
curious information on such subjects. Several numbers of the 
relate to repeating guns. These, as is well known, exercised tl 
inventors long before his time. , Porta, in his Magic, book xii, s 
‘‘ great and hand guns, discharged ten times” although loaded 
They are even of much older date. Sometimes several barrels we 
together. The “ arithmetical instrument, whereby persons igi 
arithmetic may perfectly observe numerations and subtractions q] 
and fractions,” was in all probability the abacus, or Chinese sv)an- 
used in schools. 

Flying and diving, also mentioned by him, have occupied the : 
of inventors in every age. Cornelius Drebble constructed a divi 
which was propelled by oars worked through openings in the sid( 
conical tubes of leather, through which the oars were passed, v 
nected to the openings so as to exclude the water ; hence the joi 
what resembled those of the feet of a tortoise when protruded 
shell. The vessel was lowered by admitting water, and raised 1 
ing it out. (The distance of diving- vessels below the surface is ( 
accurately ascertained by a curved tube containing a little mere 
end being within the vessel and the other without.) Charles, L 
of Hesse Cassel, hearing of Brebble’s diving-ship, requested 
contrive one* Papin’s machine is figured and described in the Ge 
Magazine for 1747, page 581. Drebble’s vessel did not require t 
supply of fresh air, for he had, or pretended to have, an elixir i 
vial, a few drops of which restored the vitiated air so as to mak 
fit for respiration. Something of this kind was known even befc 
file’s time, if we may judge fom one of several illustrations of 
the old German translation of Vegetius, A. D. 1511. A man c 
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a dress of thin skin or oilei! silk fitted close to his body, and covering (‘very 
part except his htMid and hund.s» Ls represt‘ntt‘d walking on fht‘ lu.Uom of 
a river. In his hdt hand he iiolds u U*atht*rn flask, ihrongh th(‘ (‘ontracted 
neck of which lu' is drawing a portion of the contents with his mouth. 
Wilkins devoted a chapter of his to diving, lb* noti(H‘s 

Drelihle’s inaclnn(% ami many other eurion.s devices; so that on this sub- 
ject Worcester had an idmmlance of mait'rials and hints to work upon. 

No. of th(‘ (amfury relates to portabh^ ladders. A vtiriety t*f‘ thesis 
are figured in tin* old translation of V t‘g(‘tius just reft*rr«*d to. dlmia* anj 
several otluu* things uamtsi in tlu' (huitury which tnight Ih' traced to ohbn* 
sources, hut it is not nt‘C(‘ssary ; for Worcester lias not, that we are awaia? 
of, ever claitmal nil the d(*vices he has tmim‘d. lit* mtmtions tw(i whose 
authors h(MH‘collect(’d, but ns the account was drawn up triun immuiry, he 
could hardly rt‘call ttmuiud tht' sourct'.s wlumrt' all W(‘re derivmb lie 
says they W(*n‘ sudi tis h«‘ c(mld call to mind to have iuvii and pvrfrtird : 
he docs not say invented. While many originated with himself, tuliers 
\vau*(^ siu’h as in' improvtal only, d hat, lie had sources (d' lufiu'mation 
which have not been dtN*'oven‘d, theism can bt' little (hmbt. Of the thorn 
sands oroid ttasitiscs tm th«* iMysti'ries of Natuis' and Art/' a stapi«‘ sub- 
jec.t, and title too, from Rogm* Bacon to Moxon, how few are «‘Xtauf ! 
.But some will perhaps yet be met with on tin* s}«dv(‘s (d* anriqtmries ami 
the lov(*re of old books in I0nrop«s 

Tiiost^ mmdiers <d'tbe ( hmtury which ridati' !«» steam an* r*s, psg \\[\ aiul 
100 ; hut it is in OS ofdy that steam is chsirly in«lic;tled, d'he device is 
named “ a fire wafer work/* and is <lef;erlbed in th** fbl!«iw ini* manner : 
“ An admirabhmmd most torcible way to drive* up waf»‘r by fu*(\ m»r !»y 
(Iraw'hig or sucking it upwards, for that ime.t la*, as tin* phihtHi»plier ciilletli 
it, hi/rit sp/iitram firfivifttfix, \% \nv\i is but at sucli a cfisianct*. Hut this 
way hath no laumder, if the vessels bo .strong enough ; for I have taki'ii 11 
pitsa* (d’ a whole caiiijoii, wbensd* the mid wa« burst, and filltsl it flinm 
(juarters full of water, Nto|ip}ng and screvviug up the broken end, m almi 
the touclidudi* ; and making, a coustan! fire under it, within twenty dour 
hours it hurst, and niath* a great <‘ntck So that having; u way u* nndie 
my vessels, so that they are strengthened by tin* form* witl/m them, and 
the one to fill after the (»lh*sr, I have ms'ii tlie water run like a eon-, taut 
fountain stream forty ie»*f, high. < bie v(*ss(d of water rarefied bv firii 
driveth up forty of cold water ; iind a man that tmnls the work is Init la 
Inrn two coekn, lliiif, one vch-ad of vvater being eoiramied, another big*in^ 
to forest and refill with roht water, and *40 suree.H;->ively, tin* fire being 
Kunhsl and kept (saisiau!, wlin-h fite jadfr'-amt* per? 4 on muy likewisi* nluiit'- 
da.ntly perfiiriii in lln* intmanu between the nee«*sjdty of turning the ^aid 
cockH.’* 

\Vi* Ihu'c fitnr cleiirly what was mtsmt ly Rainseyi? and others wlieii 
they spoki* of rai’aiig wafer vi'/,. that it wm by Hrenm, winch the 

fire was enijdoyed to proiluce. It will be perceived that Worms^ter doefi 
not hen* ckniii to be the fii'Hf fo rai^e w*at(*r in largtM|minf ities in fids mini- 
ncu-, thu.H faeitly iidniiliing fhaf be wan awan^ of previous applirafiens of 
st(‘ain for llie purpose. I bo! hi^ imieetl luadi* atnut n elaim, btile ndiiinctl 
cotdd have la'cn plnced mu Ins hfafemenfs ; but, not witleUamlin*^^ all flint 
has lieen said to ihe eonirary, we have Meen nofldng in tin* w lioh* fenofof 
hii conduct wiih regard lo ins inventions to Hliako our eMnlidi-nm* in his 
sincerity. In ora* renpeef. No. <»h difb'rn frotu tin* r<*st, vi/. in the detail 
with W'Idch llie drvici* is deM-ribed ; but this w;e« iinru. lilodv de^jifnrdlv 
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tliere could have been no more inducement to be tbus explicit than witli 
the rest ; but being of the same nature as others, he would naturally be 
led to notice the difference. Some writers are incredulous of his having 
ever put it in practice, notwithstanding his assertions, and the particulars 
be has specified ; and they further contend that his description was not 
sufficiently perspicuous to enable a person to make such a machine in his 
own time, and is not now. To neither of these positions can we assent ; 
and the latter, if true, does not affect the character of W orcestef, either 
for veracity or ingenuity, since the avowed design of the Century was 
rather to enable himself than others to realize the .inventions named. 

The description appears not only that of a machine in actual use, and 
from which a similar one might have been made, but, as just intimated, 
some particulars are mentioned apparently with the sole view of distin- 
guishing it from other devices of the same kind. Had he given a figure 
we should have learnt more of the details, but not of the general plan. 
The nature of the force employed (the expansive power of steam) he 
shows in the clearest light ; and its irresistible energy is admirably illus- 
trated by bursting the cannon : indeed, he coiild not possibly have se- 
lected any thing better adapted for the purpose. Few writers however 
believe the experiment was ever made, from the seeming difficulty of 
closing the broken end — a circumstance which, perhaps more than any 
other, has led people to doubt the accuracy of other of his statements : and 
it must be admitted that if he is not to be believed in this, his assertions in 
general must be received with great caution. But what great difficulty 
after all was there in driving a plug tight into the smoothly bored although 
broken end of a cannon, and securing the plug effectually in its place, by 
iron straps and screws round the trunnions % Lest the idea of danger 
should be connected with his apparatus in the public mind, he remarks 
that he had a way of preventing his vessels from being exploded. He 
mentions at least three vessels ; one, a boiler in which to generate steam, 
the others, to receive the water previously to its being raised. A separate 
boiler shows that the apparatus was a modification of Porta’s and Kircher’s, 
(Nos. 187, 190) — and lest any one should suppose that the water was re- 
quired to be heated before it was elevated, he states distinctly that it was 
not : hence his device bore no resemblance to that of Decaus, (No. 188) — 
so far from it that the boiler, or “ one vessel rarefied by fire,” forced up 
forty times its contents “ of cold water.” It appears that the water was 
raised forty feet only ; perhaps being limited to that height by local cir- 
cumstances, or by the building in which the apparatus was erected. The 
pressure of steam in his boiler did not therefore much exceed 301bs. on 
the inch. As the elevation exceeded that to which the liquid could be 
raised by atmospheric pressure, he also takes occasion to notice distinctly 
that it was not done by sucking ; and in this he possibly may allude to 
some such modes of raising water, viz. by using the steam only to produce 
a vacuum, and to show the difference ; for, by employing its elastic force, 
he could raise water at one lift to any height, and his apparatus, instead 
of a limited application, was adapted to mines and pits of every depth, 
and hence he appropriately names it “ a most forcible way,” The receiving 
vessels were charged or filled “ one after another,” and the stream dis- 
charged from them was uninterrupted. One person only was required to 
attend to the fire under the boiler and to turn two cocks,” i. e. to admit 
steam alternately into each receiver, so that when one Avas “ consumed ” 
or emptied, the contents of the other began to “ force ” or be forced up, 
and the empty one to “fill” or be refilled with cold water, “ and so suc- 
cessively.” The vessels were large, or it took a long time to fill them. 
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since the man had abundant time to attend the fire in the intervals of turn- 
ing the cocks. 

Notwithstanding the comprehensive sketch that Woreoster has given 
of this machine, a variety of opinions prtivails respecting some of its parts, 
and the arrangement of the whole. In thesis respects scarcely two writers 
agree, while some differ withdy. kSoine have supposed it to have* I'onsisti^d 
of two eolipiles, like those <d* f leron or Decaus, (Nos. 179 and 18B) con- 
nected to one ascending pipe, (see Galloway on the Steam-Engine) — an 
idea, we think, entirely out of the way, since such a plan would possi^ss 
neither merit” nor “originality,” which the writer just named. accords 
to Worcester’s dtwice. It is moreover opjmsed to the d<‘8cri|)tion given, 
which expntssly statt‘s that the contents of one vessel rarefiinl by fire, 
driveth up forty cold water; wliereiis, by the supposed construction, 
all die water mast have lieen heated to the boiling point Ixdbre it could 
have beam eh*vated at all, and to a temperature still higher liefore it was 
raised forty fei^t. 

The principal point undetenniiUHl is the mode by which the recelvars 
were chargtal. they so jdaced that the water flovviul into them 

through a pipe and cock ! Or, wert^ tht*j wholly^ immersed in the tank, 
well or pomf, and ftirnished with valvi's opmiing inwards for dui admis- 
sion of the li(|uid, ami to previmt its re‘turu when the stmim was tnrnmi 
onl Or, w<Te they plnctal almce the wuiter, ami charged by atmosplnmic 
pressure 1 The first and smam.! modes have been sugg<*Mted, because 
Worcester says he did not raise th<‘ liguid by “su<*king;” but it dmvs not 
appear that lu! meant any thing more than llmt the contents of the 
were not ex|w‘llml from them in this way. As x\w elevation to which 
water conld b<^ raised at one llfl by his nnudune was only limited by the 
strength of the vesnels, he vt^ry naturally observed, to removi^ an olijection 
whlcli he forc'saw might lie miub^ to his asaertion, that this was notiyfteoted 
by sucking, but l>y forcing the lltpiid up. His plan bears the same relation 
to a forcing pump, as nsing stmua to produce a vacuum in a receiver doe» 
to a sucking one ; and in distinguishing between the two a|>piicationi of 
the vapor to raise water, vir,. by its coxuhmHation ami its expansion, he 
uses the same terms that we <lo to show tlu^ diffenuum between the two 
instruments ju«t nametl. Of a forcing pump we say, it does not raise 
water by atmospheric pr<*ssun% hut in opposiiiou to it; and that the ele- 
vation is only limited by flni strength of the mat<n‘ials and thc^ |»<nvi)r em- 
ployed : now f!very person iiei|uninted with tht* subject knows, that it ii 
the expulsion of tm» water from ihi* cylimltT that is referrml to, not the 
mode of filling it ; for almost invariably are the vessels or cylinders of 
forcing pumps chargcil by sticking, and ho thty were in Worceater’s time. 

If the receivers were placed below the reaervoir that iupplied them^ 
and were fed from it by a jnpt% then iis iluwe were but two cocks used, 
they must have bemt iucli ati arf* known by the term ** three-way,”— one' 
|ms8ag(s to supply steam to mich of the receiveri, and the other water. 
There is no difficulty in iidmitting this, for both three and four way cockt- 
were in use ag<‘s ladiire Worcf^Hrer’ii tliiys. They are descrilimi in the 
Spiritalia, (probimn 3|) in BeHSoifH Theatre, FimbTi Birnia, (see <nir IGOih 
illustration, pagf» OTtanam’i RiwreationH, and in several other old au- 
thors. One form of tlmm m aecu at page 421. Tavernier found, in batlm 
of the cast, cocks which tu the same mouth supplii'd “ eiilan- hot wafer or 
cold,” (Eektion of the *SerfigIio) and they tire described and figured in th© 
Forcible Movements of Deeitus : thus tmuK xix of famk’s tmn«Iiition is 
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History of the Steam-Engine, in attributing the invention of the four- way 
cock to Papin. In his zeal to confer honor on the philosopher of Blois, 
he inadvertently overlooked the old engineer of Normandy. 

This plan of supplying Worcester’s receivers is certainly far more 
probable than that of burying them in the water they were to raise. In- 
deed, we cannot perceive how the latter could answer at all, as the steam 
would be condensed by the surrounding medium almost as fast as it en- 
tered the receivers i so that instead of “ one vessel of water rarefied by 
fire” driving up forty of cold water, it would hardly be able to drive up 
any. It appears to us impossible for ingenuity to suggest a worse plan, 
and yet several writers have adopted it.®- As a proof that Worcester had. 
an engine at work somewhat similar to the one referred to in his 68tb 
proposition, the following extract from the Journal of Cosmo de Medicis, 
who visited England in the 17th century, has been adduced : “ His high- 
ness, that he might not lose the day uselessly, went again, after dinner, to 
the other side of the city, extending his excursion as far as Vauxhall, be- 
yond the palace of the Archbishop of Canterbury, to see an hydraulip 
machine invented by my Lord Somerset, Marquis of Worcester. It raises 
water more than forty geometrical feet, by the power of one man only ; 
and in a very short space of time will draw up four vessels of water 
through a tube or channel not more than a span in width; on which ac- 
count it is considered to be of greater service to the public than the other 
machine near Somerset-House.” Now if this engine for raising water 
from the Thames, and which was managed by one man, was moved by 
steam-^and it probably was — we may rest assured that Worcester knew 
better hovv to charge his receivers than by immersing them in the river, 
or in any tank supplied from it. Had he done so, the machine would, 
never have been “considered of •grediter service to the public’^ thd^n the 
engine at Somerset-House, which was worked by horses, and distributed, 
water over “ a great part of the city.” (This last engine most likely con- 
sisted of pumps, such as were erected by Bulmer in 1594. See page 296.) 
As Jour vessels are here mentioned, there were probably that number o£ 
receivers employed. 

It would be strange if Worcester’s receiving vessels were not charged 
by atmospheric pressure, considering the examples he had before him. 
To say nothing of this well known mode of charging eolipiles, and other 
vessels represented in the Spiritalia, (see 173 and 177 of our illustrations) 
both Porta and Fludd exhibited experiments expressly to show how water 
is raised into a vacuum formed by the condensation of vapor, (page 407) 
and Becaus gives such striking applications of it (page 380) that Worcester 
never could, with a knowledge of these, have plunged his receivers under 
water. But was he acquainted with the writings of these men ^ Unques- 
tionably he was. There is evidence in the Century tliat he examined 
every source of information, both at home and abroad, and with an eager- 
ness that has perhaps seldom been equalled; and then no person had greater 
facilities for ascertaining what had been accomplished. He was not a mail 
to set about devising new modes of raising water while ignorant of old 
ones, or without perusing those writings which treated directly or indi- 
rectly upon the subject. Of all his researches, this of raising water was 


^ See Millington’s Epitome of Philosophy, and Stuart’s Descriptive History of the 
Steara-Enginow The last named writer speaks however very differently in his valuable 
Anecdotes of the Steam-Engine,” Further reflection convinced him that Worcesteir 
was something more than a charlatan, and the machine in question very unlike the one 
represented in his previous work. 
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tmrlictst iiiitl moHt Tuvonus n.H it was tlu* iaat ami most important; 
^^,4.1 it W118 iiiipossiblo for him and KaltittVto have* spont so nuujy years as 
iliil on this and stihjeeTs, without iruprovin^t ^dd devices ami 
£^-j^t:r«^»ducii}^ tmw oih‘ 8. I’hen he was imist likely act|uaiiited with the ma- 
of liacHHi, iiiul with those of Humseye, and with Kamseye himself, 
liushidl too ; atid aist> with the engine of motion noticed in the last 
id’ whiidi hi^ was poHsihly both th<^ inventor and th»8cnber. So 
-ftht* therid’orc from Wurci'stiT'H iimchim^ hidng impmdect, as sotne writers 
«iippoSi‘d, Wi» are juHiithul in believing it was snperhr in its genend 
JJ» ^uhI in ihf‘ arran^nunent ami exi*cutii)n of its stweral parts, to mn/ 
then, extant^ or pr«»viiniMly pr<?post*d. 

It wtoild In* easy tii dindse a nmehine etirrespoialing wdth remarks 
i'oiiieiding witli thi^ Maripiis*s uciamnt ; hut the intelligt'nt readt‘r is 
that it wouhl h<^ suhstantmlly iho same as Savt^ryhs. it is sirr|)rising 
some itufh<»T« havit i«up|iosi*d Worcester cendd not iiavij filhal his ves 
04;*. | ?4 by iilmiKsplit*ri<‘, pressurt*, because, say they, tins production of a vacuum 
th-e ctindensation of steam was not then known, ** nor evem thought 
oi* * inch writers wt^re not aware of tlie exptjrbnents of ihirta, and 

fitrgot. the iunphiyment of eolipiles. It has also heeti said that a ma- 
oiii**»o IIS perfect m Savory’s, and one in which sttuirn acted on a piston, 
ft beyond the statt' of the arts in Worcester’s ilays. d'lu‘ (hmtury of 
ri nt ions is a proof to the contrary, and so is the (hdlmnion of Serviere. 
v«*ry pnddeni in tlie {ine, and every device in tln^ other, imlicates great 
<• K. *«odlenee of tiesign amt ulnliiy (»f execution; and both arc^ replete with 
"I j s** td’ mei’huni<*nl nkdl as wcdl nsi fcriiUty <d’ invimtiun. 

*J*o reoli;<e W orcoMfer’a machine, if is eontemled that Wi» must depend 
41 1 »« mu bat lir ban naid, uiul ou nothing rnfoe. But those who prescribe 
t ride do not themneivf^s iuihere to it ; and by following it, posterity 
4-* *uld Inirdiy etnoprehend a motiern dtwtce from its modern cleBcriptton, 
j\ W'Mfrc.Hfer hit^ not mentioned pipes or viiivoi, neither of these t*8geniial 
id' li}« appiirattii cotdtl, by inch a ru}e» bo a<lmitte<I : and if his 
%%'«'»rdii are to be coimirueil lititraily, ho employed two score of nmoivers ; 
t*. *44! fliese were also elevated as well as the water within theun : ** one 
of wiitfir mrelhHl by fire drivetli up forty [vessels] of <’old watt‘r.” 
1 the same rub it was tlio 'boiler, not die stmim within it, (ho. never men- 
tiioiis steam) llpit drove them up. ^Fhen there is the eomiensution of the 
in a receiver, after expidUng' tlnUiipiid, which is also not numtituied; 
14 Hi! of CMiirse fhf^ vessel could not again Iju fillet! until this luul taken place, 
€ lit the Hiifuo grtiuml, a cork, tunmd ami pipe or pump to ftmd diti boiler, 
a furniict^ tloor amt grate bars, tuight la-^ coimitlereti gratuitous iiddi- 
since none «tf them are menthmmh 

IVrhapii the most obscure part of the bSfh proldem, is that which ndaies 
f*-» tarmiuheiiitig the vessels by tin* force mthin them.” 8orno pi^rHons 
r. gjpp‘*'se fhri refers to the figure of tht* vessels— others, to interior liraces. 

litfcr i-i llo’ Uifca reie-ionuble, but st*ctns hanily r«*concilalde with the 
file n'\r, -ince the lyum* term (Jorrv) is ust»d iis tfilit by whicli the active 
1#%. jU'cr uhich rent ilie gnu is -tlesignatetb 

Noiwiflinf 'Uifiiiig the ambiguous manner in which Worci‘Sl<‘r dnnv ^up 
liiPi ihnifury of iiivefitions, there are strong indications <d‘ hiM having im- 
I'O'irtcfi iiioii.ui to a pi-fUon |iy steam, ami that Ufam this lie depeinliHi for 
i #eisig iM p.rj'fi-nfy. 'rid*, wars rhf* crown of his .g,iory us im inventor 

|iriiiiarv elemeni in the "* serin»t>mnipotent eiigine/’ which fiypported 
in 3111 under ilic CMiifiiioely and neglei'f. that ht* met wiih. I ' afortuniitely 
f hci t'lnie, file mmo of tlie arti was nor sufllriently aiivanctal to roiivince 
Isos i liniciiifiia iiriri of the importance id *‘the ig'eat iniichific, ’ find it vvas 

TkI 
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left for a future age to adopt. It does not appear equally clear tkat 1 
was the first thus to use steam. From the description of the engine c 
motion mentioned at page 423, and the third and fifth devices in Ramseye 
patent,, it would seem that a working cylinder had been in previous use 
nor do we see how the experimenters of the 17th and previous centurie 
when seeking for modes of employing steam as a motive agent, could miss 
any more than their successors. It is one of those devices that would 1 
detected by such men in every age, just as it has been by the makers < 
pumps and piston bellows. Fludd, Hoell, Belidor and Westgarth, t 
employed a piston and cylinder in pressure engines ; and some of the 
were not aware of their having been employed before in such machine 
Gruerricke, Papin and Newcomen at once adopted them in atmospheric e 
gineSjHautefeuillein explosive engines, and Watt and others in those mov( 
by steam; and why not Oraray, Ramseye and Worcester 1 And event] 
troublesome neighbor of Zeno also 1 It required no great sagacity 
Worcester to apply steam to move the loaded piston in Fiudd’s pressu 
engine, (page 354) and so simple an idea could hardly escape him aft 
he had turned his attention to impart motion by steam. Indeed, he us 
an expression which implies that it was a loaded piston to which he ga^ 
motion. But even if this idea escaped both Ramseye and Worcester, tl 
apparatus of Guerricke so clearly exhibited the mode of applying stea 
to move a piston, that the latter could not possibly have remained ai 
longer ignorant of it. 

When the three fpllowing propositions in the Century are duly conside 
ed, every candid mind will, we think, admit that he was really in possess! 
of an engine similar to Leopold's, or to Newcomen^s, or to the sing] 
acting one of Watt : — 

** 98i An engine, so contrived, that working the primum mohile forwa 
or backward, upward or downward, circularly or cornerwise, to and fi 
straight, upright, or downright, yet the pretended operation continuei 
and advanceth, none of the motions above-mentioned hindering, much h 
stopping, the other ; but unanimously and with harmony agreeing, th 
all augment and contribute strength unto the intended work and ope] 
tion ; and, therefore, I call this a semi-omnipotent engine^ and do inte 
that a model thereof be buried with me. 

“ 99. How to make one pound weight to raise an hundred as high 
one pound falleth, and yet the hundred pound descending doth what r 
thing less than one hundred pound can effect. . 

“ 100. Upon so potent a help as these two last-mentioned inventions 
water-work is, by many years experience and labor, so advantageous 
by me contrived, that a child^s force bringeth up, an hundred foot hi^ 
an incredible quantity of water, even two foot diameter, so naturally, tl 
the work will not be heard, even into the next room ; and with so gn 
ease and geometrical symmetry, that though it work day and night, fn 
one end of the year to the other, it will not require forty shillings repa; 
tion to the whole engine, nor hinder one day’s work; and I may bole 
call it the most stupendous work in the whole world : not only, with lit 
charge, to drain all sorts of mines, and furnish cities with water, thou 
never so high seated, as well as to keep them sweet, running throu 
several streets, and so performing the work of scavengers, as well as f 
nishing the inhabitants with sufficient water for their private occasioi 
but likewise supplying rivers with sufficient to maintain and make th( 
portable from town to town, and for the bettering of lands all the waj 
runs ; with many more advantageous and yet greater effects of profit i 
mirable and consequence. So that deservedly I deem this invention 
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crown my labours, to reward my expences, and make iny thoughts acqui- 
esce in way of further inventions; tliis making up the whole century, and 
preventing any further tnuihle to die reader for the prcBtuu, meaning to 
leave to posterity a book, \vherein, under <‘uch of these heads, tiu^ meiins to 
put in execution, and visible trial, all and every of iliese invcuiliium, with 
the shape and form of all things belonging to them, shali be printed by 
brass plates.^' 

To an ordinary reader all this appears preposterous, nor without tlie 
key can any satisfactiu'y inu^rpriUatiou bo given. The first sihuum incre- 
dible, the second irupossible, ami tin* third a proof of menfid alitnmtion. 
But in considering them it ahouhl be kept in mmd, that Worcesttn'’s ilesigu 
was to explain the efFects ami uses of tlio mechanism Im hitro reftu'a to, 
and at the same time to ammd the moving principle. This he has accom- 
plished in the happit^st miumer ; uml in doing it, has furnished a sp<!cimen 
of ingenuity, and of the fertility <»f his genius, almost e<pnd tt» tlu^ inven- 
tions themselves. The three problems certainly refer to a cylimiricid 
steam-engine raisiiig watiu* by means of a pump. In No. 9H he sjieaki 
of steam only: this was the grimmi molnle vvimso elFect was tlio siuno In 
whatever direction it was convt*y<Hl to ilu^ plstou ; I. e. whether through 
ascending, descending, ctjrved, angular or straight tulies, or through a 
number of them meeting in tlu‘ eylimlt'r from evtu'y imaginable directitm ; 
the steam from one not innud'ering with, or being counteractrd by, that 
from others, but tint whoh^ ** mianimouHly ami with hurimmy agreeing, 
they all augment and contrllmie strength unto the inttuideil wuiL and 
operation,’’ viz. in pushing the piston ahmg. It seiuns im|»o;- able fer 
Worcester to have rudeeletl a b'ature t»f umifonu lluhls better adapted 
for his purjKisc', or to have made use <if it more skillfully. In concealing 
his meaning hy riddles, he seems to havi^ etpndled the mout eiipert among 
the ancients.*^ In Niu Ull he plays In a similar style U|>on the itnd 

has contrived with utlmindde (act to turntriubct {apparently) oim of the 
most pal[)ahle maxims in meclmnics, and thus to divert |>rying enrha*i(y 
into a w'rong track. The piston attached by its rod to one end of a 
working-beam, ami a hmdi*d pump rtal to the iulier, mi that when the 
steam was turned on, the siimll piston (which he compares to one pouml) 
was pushed down, and coiweqntujtly the heavy pump rtal, or the water 
raised by it, (compart?d to a hnndreti pmimls) elevated ** as high iis tb« 
one pound ialkith,” In No, KHi he opens his views nfill fnrilier by lUafing 
it to be a water-work, for tlraining ** all sorts of mines, and furnishmg cilitti 
with abundance of water, though never sr* hig.h' seated/’ and that its iictkifi 
depended upon tln^ two last immtiomsl imentiium (Nos. bH and tHb) In 
other words, he hvm confempliif«^ii the p«nnp and steam-engine m i% %vli«le; 
but lest the d<^vic<! shotihl be too easily apjirehended, he throws in i.i da«h 
of the enigmatical, declaring it. waw so c<*nfrived ** that it rkHttg forces 
bringeth tm, an hundred foot, high, an incredifile qmttitiij of %vat<?r, evfft 
[a columnj two foot tliitmefer /’ that is, a child emthi by ti levin* open and 
close tlie cocks, or valves, by wduch sfeiuii witg iitimitted into the cylinder. 
Ihe xiniiunnlty af the mo%*ementa of a iteam»cngine, am! the noifiti 
attending tlnun,-— its working inceiisiintly night ami tiny, and the trilbiig 
expense.! requireil to keep it in repair, are now w'dl umieri.rtH»d. 


® Of arieii*!tit ruldtcM, ihnt of ihn Hphynx i* mtr ef thft nt*iO‘*wt. WImi unmnil w it tfiit 
walks on four kics in the tnormn^, nii two at nmm, unii on three m the evionnf I <iy Ifiiif 
explained it. Tin; initnah In'* jianl, was man, whn m the nnuinng of hfi* (in 
crept on hin hands ami feiu. at the noon of hfe walked iu»*rf, and nt llni fivittilig #f ifi< 
days fupported lunwidf wiih a .isiick. 
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Nothing more is necessary to convince us that Worcester here speaks 
of a steam-engine working a pump. No other solution can be given — no 
other conclusion arrived at. No one could have written and spoken as he 
has done without having either seen or possessed a steam engine. Of its 
value he was fully aware ; for in the patent granted by Parliament in 
1663 to himself and his heirs for the long term of ninety years, those who 
pirated the invention were to forfeit five pounds for every hour they used 
it. He tells us that it was the result of “ many years experience and 
labor,’’ and when it was complete, he poured out his feelings in an ad- 
dress to the Deity, a copy of which was found among his papers, entitled 

The Lord Marquis of Worcester’s ejaculatory and extemporary thanks- 
giving prayer, when first with his corporeal eyes he did see finished a 
perfect trial of his water-commanding engine, delightful and useful to 
whomsoev'er hath in recommendation either knowledge, profit or pleasure.” 
Can any one suppose he here was mocking his Creator, when, in the pri- 
vacy of his closet, he prayed that he might not be puffed up ” with the 
knowledge of this great machine, and returned thanks next to his creation 
and redemption “ for an insight into so great a secret of nature,” and finally 
desired no greater monument than to have one buried with him ] Some 
men have lost their reason by the excitement attending their discoveries, 
Pythagoras offered a hecatomb to the gods, and Archimedes ran naked 
through the streets of the city. Worcester acted more like a philosopher 
and a Christian. Had he imitated the Syracusan, he had probably been 
more successful in securing attention to his discoveries. 

From the latter part of the 99th proposition, we infer that Worcester 
used ^forchig pump, as he intimates that the effect was produced by the 
descent of a weight (on the pump-rod,) not by its ascent ; and this agrees 
with the description and figures of old water-engines. In ** Art and Na- 
ture,” published as before observed in 1633—4, they consist of forcing 
pumps worked by large tread and other wheels — i. e. the pistons are raised 
by these but are carried down by their own weight, or that of weights 
with which they are loaded. These weights were sometimes attached to 
the rod, at others to the end of the working-beams to which the rods were 
connected ; and hence they were named “ beetle-beams,” from their re- 
semblance to a large hammer. Loading the pistomrod of pumps did not 
therefore originate with Moreland or Newcomen, since the practice 
was older even than Worcester. The piston in Fludd’s pressure 
engine is an example. Such pistons were named heavie forcers,” (a 
solid piston being named ** a forcer,” and the upper box of a common 
pump ** a sucker.”) 

As Worcester is believed to have applied steam to work a pump, it will 
be asked, did he not perceive its application as a mover of machinery in 
general — to propel boats, &c. ? ' Yes ; and he has left a proof of this also. 
In a manuscript (see Stuart’s Anecdotes, vol. i, 56) he observes, speaking 
of the device No. 99, I can make a vessel of as great a burden as the 
river can bear, to go against the stream, which the more rapid it is, the 
faster it shall advance, and the moveable part that works it, may be by 
one man still guided to take advantage of the stream and yet to steer the 
boat to any point ; and this engine is applicable to any vessel or boat 
whatsoever, without being therefore made on purpose ; and it worketh 
these effects : it roweth, it draweth, it driveth (if need be) to pass London 
Bridge against th^ stream at low water; and a boat laying at anchor, the 
engine may be used for loading and unloading.” Besides the Century, 
Worcester published what he called “An exact and true Definition of the 
most stupendous Water-commanding Engine, invented by tho Right Ho- 
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nourable, (and deservedly to bo praised and admired), Edwa.-d Somtn'set, 
Lord Marquis of Worcester, and by his lordsiiip himseir pr<‘se!tt(‘d to bis 
most excellent Majesty Charles th(‘ Second, our mimt gracious Suver(‘igiu” 
This was a tract of twtmty-two pages, aiul is supposed X.o have Is'cn priiuiui 
for the purpose of forming a couipuuy to introclueo (he devic’c. It in writ- 
ten in the same style as tlio Centiiry, and iusttuul of describing the machine 
is confined to an enumeration (»f its properties. 

In Worcester’s day, patents for useful inventions were tdteu <*ht.SHe<| 
with the most unrighteems monop(dit*s, and the Indders of them hehl in 
general contempt. This may serve* to account in some measure for the 
neglect that Kamseyt*. and \Vt)rc.ester’s projects mtU. with. The ulnmnna- 
ble abuse which Elizabeth, James and Oharh'S math* of tiic» power to grant 
patents, excited gcun'ral disgust, (h>uriim*H and otln*rs obtaimnl monopo- 
lies for nearly all tln^ chii*f bratiche.s of iriuh*, and sold rights in theta to 
others, so that prices were rutsetl to an exorbitimt htught. lifid patents 
been confined to new invtmtions, the result woitld have lanm beneficial ; 
but exclusive grants were obtaitual to work attd sell tfie commonenf artichtn, 
as salt, iron, lead, coals, tiiul even bon<*H and rags: with the m<>n<»polii4(s 
of these, {karpic.^ and haiseierr /its ns Elizabeth otJct» caihni them) the au- 
thors of discovtu*ieH and iitiproveinents in the usidul arts wtu’e ctuifoundeil* 
[n a mastiuerado g<4t up tor the <mt(»rtainmenr of ('harles I, in 
(among the managers of which w<‘re Noy the Altorney Eencral, Sir Jiiht* 
Finch and Mr. S(‘lden) were .several flings at monopolies, as huit:* h»r the 
king. In tins “ AutimuH(|m‘ <»f Projector-s,” says Maitland, rotie a fellow 
upon a little horms with a great bit it» his mouth; ami upon the man’s 
head was a hit, with heudmfall ami reins fastejs’d, iiijd sif’uilirii a |»rojertm‘ 
who begged a patent^ that none in the kingiioin niight ride their horses, but 
with such hits nn they slumid buy of him. 'fhen omno tumther felhnv 
with a hunch of carrots upon ht-^ htnuk and a ciiptm upon Ins iht, describ- 
ing [reprcHcnting] a projt‘ctt>r who begged a patent «»f monopoly, as the 
first inventor of tln^ art to feed capons with carrots ; lunl that none tmt 
himself should rnakc^ tme of that ttjventimt | and have the privih*ge for 
fourteen years, itccor<rmg to the statute.*’ 

Putting cnit of view his political comhict, the fate Wt»r<'e»uer resein- 
hled that of great inventtirs in alnuist every age. In some re'q>ri‘ls if wm 
peculiarly severe. The heir tif one of tin* richest and numi poworfui fanii'' 
lies of the land, he <lf*vote-d his wealth and his energies, i*ov m»*rt^ than one 
t’nird of a muitury, to useful discoviuaes ; and in Ins old ape lit* wiiif rit’ 
duced to borrow small Hums to moot bis ntH’eHsific?! p— and when iit kif 
the profligate (llmrlen wa?f rt^Httirtn!, alilumgh Wurcestm* recovered his 
deinesfHi, hiH tlwellings, furnltiirts jiaperH, models and maclnnes liiid till 
been dt^stroytul, and he was overwhelintul with thdif. Htill Inn energies 
were stimulated liy a conHciouHness of the innu»rtance of Ids iiiventioiH, 
but vvliich, alas! Ids conteniporaries ivere unable to appri*ciiif<.% except ly 
insinuations that they wo.ro the fruiia of a pardal insamiy. Fimilly deaili 
stept in and closed his Ittbors forever. TIum it wan that Ids widow, who 
was fidly imwible of tin* value of hk great, niacldne, used her exmiiomi 
to introduce it; hut her cmdbnsor, a lltmtitii C.krholie prienf, expontulaied 
with her on tin* folly ftml .tm of ht*r eomluct, and solenmly tleclnred to 
her “on the faith of a prit^stj* that ifahe dhl not cease her mileiiv^ora, itlm 
would not <mly bme tint favor of liea^um, but the use of her rci»ion ! Hhe 
died in lOBl, and tliii evil genius of Worcester tlid not even flien e«»i»o 
its nersecutions : for ooHteritv. which trenerallv cm’rmUH the erri*ri'of con- 
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the chief authors of the steam-engine, others condemn the Century as 
a mass of absurdities, and deny his ever having constructed a steam-ma- 
chine at alL Those persons however who entertain the latter opinion, 
evince as much credulity as others, for they cannot deny that he has des- 
cribed the peculiar properties of the great chef d'cmvre of human ingenuity 
(a high-pressure steam-engine) with a degree of accuracy of which history 
affords no parallel; and hence, if he lacked truth he possessed prescience, 
and while they reject him as an inventor, they must admit him as a 
prophet. 

In the annals of the arts, there is not to be found a more singular exam- 
ple of devotion to their improvement, either as regards the number of 
years or the amount of treasure spent, the importance of the results or the 
ardor with which they were pursued, and the efforts made to excite public 
attention to them. Whatever others may. have done before him, they left 
no account of their labors. Worcester is the first to communicate with 
the public by means of the press, and to give a tangible description (al- 
though an intentionally obscure one) of his discoveries — (for we do not 
reckon either the device of Branca or Decaus among such.) On this ac- 
count alone he is entitled to the praise of every modern engineer ; and 
had he but fulfilled his promise of leaving detailed accounts illustrated 
with engravings, his fame would have endured as long as the steam-engine 
itself. If he were not the great magician who evoked the mighty spirit 
that lay dormant in steam — who pointed out its power and the means of 
employing it — who revived the project of Garay and embodied and ex- 
tended the apparatus of Porta — ^it may be asked who was 1 And although 
none of his machines are extant, nor any of his immediate successors have 
had the candor to acknowledge their obligations to him, it is not less the 
duty of historians to uphold his claims until evidence shall be adduced to 
establish those of another — ^until some older and clearer fountain than 
his Century of Inventions shall be discovered — from which streams 
equally unacknowledged have been drawn. We cannot but hope that 
the obloquy and uncertainty under which his name is yet shrouded will 
eventually be dispersed, when he will be esteemed one of the most re- 
markable mechanicians of modern times, and be associated with the Dse- 
daluses and Archytases of antiquity. 

How similar to Worcester's manner of announcing his discoveries, is 
the following one from Glauber, an older writer ! It appears, at the first 
glance, as absurd as any thing in the Century. ‘‘ A certain secret by the 
help whereof wines are easily transported from mountainous places, re- 
mote from rivers and destitute of other conveniences of carriage, so that 
the carrying of ten vessels is of cheaper price than, othervnse, the carrying 
of one.^’ This passage, he observes, offended many both learned and un- 
learned, who believed the thing impossible, and nothing but dreams and 
fancies.’' He was so much quizzed about it as to regret having mentioned 
if “ Many judge this thing incredible because of the want of winged cartSf 
that need not horses ! confirming one the other in unbeliefe, leading one 
another after the manner of the blind.” His plan was to take the juice of 
the grape before fermentation commenced, and concentrate it by boiling 
till it became of “ the consistence of honey.” The water being thus eva- 
porated reduced the wine to less than one tenth of its former bulk and 
weight, while it sdll retained the strength and virtue of the whole ; for 
** new wine decocted and inspissated before its fermentation loseth nothing 
of its virtues hence it could be transported at one tenth the expense. 
When used, it was to be diluted with the same quantity of water as was 
evaporated from it. (Treatise on Philos. Furnaces : Lend. 1651, p. 353.) 
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The adoption of some inode of concentrating wines as ala v<', would 
produce an immense saving in their freight and earnagt^ <»ver tlu* gh^lx^, 
and would consequeutly greatly reduce their cost. It wtndd als(» di^ihnt 
the enormous frauds that are practiced in tlu^^ manufacture ef arilficial 

wines mixtures in whicii not a tlrop of the juice (»f tlie grape is saitl to 

enter. Glauber says, “ the new wine is m»t to be insjdssati-d in caul, 
drons,” on account of the taste which it wtmkl contract Iroiu the metal. 


CHAPTKR Vri. 

Hautef«ullIo, Huygh^BS llookf M<nrr»ln««l Ills ni« jHanpi wtn-kfil by k 

cylindricul Uigh-prMsurti steatu-rugiutv If«i mtifb' i tiUni l«» u sirHin vn^Uw <n tt(» 

VICO by which ho prolmhly wurkcU hif» phinjicr - luvrottonn <»!’ lii» «t Vnu'i.luat Aurrdutr hna 

from Kvolyii’« Diary— I'hirJy »tcnm i-outurja H»il»i uhm% oriijUfi t»f isihiui F.in* I of 

Papin— Digc>ticr»™SHr«n>' valvr PnpiM'a pl»ut fo tranminl jnmrr i}h«»ukI» p»{«r^9 !iv mrum «»f 

air— C«.u«o of ilti frtilurc-'Anoltu'r plan t»v rumpu'^mptl mr I’apin'a r%prnm»na« m mu%n n piafim hy 
gunpowder and hy stmun—Thc laUcr t»% Imn Thr snfiuv vnhn Imptovrd, nut »ntr»»ird by 

Papin— Mcrourial taifcty valvcni - Wnlrr {uu» Sft’um ma< U«i««»f Pajmi f»ir wati-r ami uiipHfltng 

Biotion to muchiiiery. 

Towards tint part of Worce.Htt^r*s ltfi% a young Frenehmiin Wiifi 
fast rising into notices This was John Hautefetdlh% the sem of a baker iit 
Orleatis, and one of the mteu hrilliunt mi*ehnidcian« td* the age. He \vti» 
in his twentieth year wlteii Wtireenter died, 'fhe ilevict^ for rt*guliuing 
the Vibration of the balance in vvateheH by a Hjirlng, wlience arom» rho 
name of pendulum waldies, was invented by him, ami was Hubfiecpiently 
improved by HuyghetiH, Hnuudeiiille enticed the clmrrii and iHfeiumt 
an ahbd. Ha wrote stwend traetH on fiubjectn connected wifh mecimiiitm. 
In 1.678 ha proposed steam a« a Siiurce td pt>wer, and applied it to give 
motion to a piston. Instead id*iw|uetms vapor he idsti proponed tht» niter* 
nate evolution and condensation i»f the vapor (d’alctihol, in «nch a manner 
that none should lie wasted j iiml both he ami Huyghetw gave motion to 
pistons, by e%pio<llng small idiargeH of gnn|*owder in cylinders. In 
1678, Dr. ilooke proposed a sieiumengint^ on the arnnmpheric prlnc’iple, 
hut the Oidy informiumii respiu’ting it is in a memorandum to that idli-ct 
found among the papers of l)r, liobkon, the luitlmr of the irmiti^i^ on .Me» 
chanical Philo.Hophy, 

These exumplt's of imparting motion to a fMkm by abriform Iluida am 
interesting, inasmucli as tmty show that the device wii« not very novid in 
the middle of the 17th century, and that mechanicii In iliflenuii eoumrim 
were familiar with it. 

We must now refer to anotlier member <d' the Hnghsh cdurt, a ftonfem- 
porary of Worcesn*r, and like him actively fmgageil in tlio p<i|id«*« of ilitf 
times, hut wlio on the otfn^r hand iidheri*d to the ctuumouwtitbh unfi! thii 
latter part of Cromwell*^ administrari«»m We arc* odd fliai one tn'iniirig., 
near midnight, an interview ii.»ok place lietween (.lr«'»mwell and Thitrioti 

OG 
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his secretary, at tlie liouse of tlie latter, on some state business that n 
the utmost secrecy. It was not till the matter had been opened t 
Protector became aware of a third person being in the room, whe 
said to have drawn his dagger, and would have dispatched the su 
intruder, had not Thurloe guaranteed silence on the part of his s: 
attendant. This was Samuel Moreland, the inventor of the plunger 
He was then employed by and in the confidence of the secretary, a 
asleep, or affected to be so, during the interview. On this or som 
occasion, he overheard the discussion of a plan to take off the exile, 
to whom he disclosed the whole, and was rewarded with a title 
restoration. 

It is not known when Moreland first turned his attention to mec 
probably not till the restoration. As a favorite of Charles 11, and a 
of the privy chamber, he must often have met Worcester at court: 
from their congenial habits and pursuits as mechanicians, they wei 
likely on’ familiar terms with each other. As master of mechanics 
king, Moreland was no doubt one of those who visited and examii 
machine erected by Worcester at Vauxhall, and as a matter of coi 
often perused the Century of Inventions. He has not however h 
ingenuousness to mention any of these things ; but notwithstanding t 
cannot believe so far as his applications of steam are concerned, that 
not indebted either to the machine itself, to the Century, or to perst 
tercourse with Worcester, and probably to them all. The first inver 
Moreland thatwe hear of is the pump that he patented in 1675, and on 
according to one writer, he had previously spent twelve years. This 
the date back to about 1663, the year in which the Century was pul 
It is not at all unlikely that this famous pamphlet first induced M< 
(as well as many others) to turn his attention to mechanical discc 
and furnished him with materials to work upon. In the manuscript ' 
presented by him to the French king in 1683, (see page 273) ar 
preserved in the British museum, there is a very short chapter on 
steam engines, of which the following is a translation ; — 

The Principles of the neto Force of Fire ^ invented hj the Chevalie\ 

land^in the year 1682, and presented to his most Christian Majesty j 

“ Water being evaporated by the force of fire, these vapors imme 
require a greater space (about two thousand times) than the wate 
pied before, and too forcible to be always imprisoned, will burst 
of cannon. But being governed according to the rules of statics, 
duced by science to measure, weight and balance, then they will 
ably carry their burden, (like good horses) and thus become of gi 
to mankind ; particularly to raise water according to the following 
which shows the number of pounds which can be raised 1800 tir 
hour to six inches in height, by cylinders half filled with water, 
as the different diameters and depths of those cylindei's : — 


CYLINDERS. 



Pounds weight 

Diameter in Feet. 


Length in Feeu 


, raised. 

1 - 


- 2 


- 15 

2 - • 


. 4 

- 

- 120 

3 - 


- 6 

. 

- 405 

4 - 


- 8 

- 

. 960 

5 - 


- 10 

- 

- 1875 

6 - 

- 

- 12 - 

- 

- 3240 
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Number of Cylln<ler«, bavins’ a 
of 6 feet aad a length of U loot, 

1 - - - 

2 - - *• 

3 . . - 

4 - - - 

5 „ . . 

G - - - 

7 - - - 

8 - - “ 

9 « - - 

10 - - 
20 - - - 

30 - - - 

40 " - - 

50 - - - 

GO - 

70 - - - 

80 - - - 

90 


required to rai®o the f<jnowin^ nmnberi of 
jHmiuk weqfht of water. 

lh2U) 

(jylSO 

9y720 

1 G, 2()0 

lO/MO 

22 .(JSO 

. 29,100 

:;2,400 
(]1,H00 
97,200 

- 129,i;00 

- 102,000 

- 191,400 

- 22 (’»,H 00 

- 259,200 
291 , 000 ’* 


As tills is all that MortOautl has h'ft <ni tht* Huhjfct, it i.i (lllhfiih if not 
impossible to ascertnin the proriso rtm'itruriioii (if Him apparutuH. Ih? m 
as silent respecting the iiHiaii<*r uad diauili by whit'li the objrei wa i ae* 
complished as VV^ortanstt*!’ hiinseU’, iiial henci- tint steam eupiae td' eae is 
quite as much a riddh^ as that of th*' other. Wtn'e th<‘Se ** cylioilerH" 
()F sOuou----lH>ilerH ] or wtaa^ they separate vessels ft»r iht' re* 
ception of watt‘r, nntl from which it was t^xpelletl by the vii|mr, m from 
the receivers t>f Savt*ry I or, \vt a'kiag cyliuders, whost^ pistotm wertt moved 
hy the expansive force of steam 1 or, luHtly, were they pump cimmberi, 
liy which the liipild was rai.sed { W** sttppomt daw were the last. Had 

they acttnl on the principle <»f Savory's receivers, they cotdd never have 
been filled and dlHchargini thirty times a taimite, tir bSOO times aa hoar. 
Then as Moreland sptfnks otdy of high steam. It can liartlly \w itaiigiaed 
that he used or thought of iimiig its expansive force tt> move piHtons in ihti 
largest cylinders he has named, f»r mad«? cahodations fur the employment: 
of ninety of them. When* could ho havi^ Ipjt a hodt*r suiliciimtly strong 
and capacious to supply a cvHjah*r twelve feet loni.^ utul six in diiiineler, 
to say nothing of the tlilficuity <tf making sacii cylinders I Vet ho itpwiki 
of them as nothing extraiirdinary. Kt>w there was no tiifliculty iu fi!itkiii|| 
them of all tlie dimermlons nametlyhr /iis (see No, 122 of 

our illustrations) hir the Him|de reason that they were not requirtnl t«» Ih! 
bored; as the piston or plunger worked iti etnitarf only willi tlie rolltir^d' 
leathers or stuffing htm at the fop. That it is 9* thest* he refin-s itppf*i»rs 
also from the terms, ** reduced by science to measure, wtdght mid balimce/" 
these Ixung the very same tliat he used whim h<» clidmtHi, by tin' in vein ion 
of tills |)ump, to have ** re<!uce<l the raising of watim fo irris:/ii and 
suTiy^* viz. by comparing tht' weight <»f the loadm! plung'iu' to the tpimuity 
of water displuciHi from the cylimli^r by its dtmeent, {avp |iage 27:i)-*iiiid 
thence the number <»f pounds ridii«nt by each cylinder in die preceding 
table, would lie the sum of dm widghts on each plunger, 'idie ftnsn ‘‘nix 
inches” prohably arost.^ fnuri that being tim length ufniruke of Ins expert* 

meritfll nllltiKfib,. - ft,#*, <0’ rtt»» /‘vlitifU+rrt isftJ fhfir liitllsU' 
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stroke, because tbe plungers would occupy one half only of the interior 
capacities of tke cylinders. See the figure of one on page 272. 

If this view of Moreland’s project be correct, then lie merely used 
steam to work bis plunger pump ; and therefore could not justly claim in 
1682 to have invented, but only to have applied, the “ force of fire.” 
That he employed a simple form of a high-pressure engine, in other words 
moved a piston by the elasticity of the vapor, like Hautefeuille and Wor- 
cester, we have little doubt. His language intimates that steam was then 
rendered so manageable as to be applicable to numerous operations for 
the benefit of mankind,” of which the raising of water was the only one 
under his consideration. He obviously was in possession of the means 
of imparting motion to solids by steam, and thus making it peaceably 
to carry burdens, or overcome resistances, “ like good- horses — In- 
deed, one might almost suppose from his apparent carelessness in not 
mentioning the mode in which the steam was applied, viz. in giving 
motion to a piston, that explanation on this point was then no longer 
necessary. 

It is singular that Moreland made no claim for this invention in England. 
Why was this, if he had any % Does it not imply that he did not invent 
the steam part of the apparatus 1 — else why not have patented it as well 
as the pump % for the object deserved it, and the prospects of remunera- 
tion were as promising at home as in France. The fact is, he could not 
claim the piston steam-engine where the labors of Worcester and others 
were still in remembrance, and where some of their machines were pro- 
bably extant. As an educated man and an enlightened mechanic, More 
land was not ignorant of the labors of Ramseye, Fludd, Hautefeuille and 
Worcester. It is pretty clear that he lit his candle at the lamps of these 
men, and particularly the latter ; for in the short chapter on steam quoted 
above, he has copied both the ideas and the language of the author of the 
Century of Inventions. One observation is highly creditable to him, if he 
was the author of the experiments from which it was deduced, viz. the 
relative volume of steam and water. A quantity of the latter when con- 
verted into the former occupies, he observes, 2000 times its former space : 
modern experiments make it between 1800 and 1900 times. 

Of several simple modes by w^hich Moreland may have applied steam 
to work his pumps, we shall mention one : — Let a small steam-cylinder, 
open at the top, be placed under the same end of a vibrating beam as the 
plunger of the pump ; the piston rods of both cylinders being connected 
to the beam : then, by turning a three-way steam-cock, the vapor would 
rush into the bottom of the steam-cylinder, and pushing up the piston, 
would raise the beam and the loaded plunger of the pump ; and by then 
turning the cock so as to close the communication between the cylinder 
and the boiler, and to open one between the former and the external air, 
the steam would escape, and the weights on the plunger would cause it, 
with the beam and steam-piston, to descend. By turning the steam-cock 
as before, the stroke would be repeated. The only objection to such a 
device is, that it is too crude to be attributed to Moreland ; for, from the 
advantages he possessed in knowing all that had been previously done, 
there can be little doubt that he was in possession of a self-acting engine, 
and of the knowledge of increasing its energy according to ' the different 
sized pumps required to be worked by it. 

Moreland possessed a natural turn for mechanics, and during the latter 
half of his life devoted himself almost exclusively to the invention and 
improvement of useful machinery. “Were a description of his and Wor- 
cester’s workshops now extant, it would possess more real interest than 
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any tliino* which history or tradition has handod down about ronnd-hoads 
and cavaliers. Ho had a place fitted up at llu^ expenae of govemnunit, 
with the requisite apparatus for carryin|>^ on hia restuirclu-a, m whi<di 
Charles sometimes assisted ; and he speaks of having morooxvr oxinonlvd 
large sums of his own in exporinieiits, to please the king’s faiiry. Of the 
number of curious things here contrived, besides his speakiiig trumpet, 
capstan, pumps and steam-engines, may judge from what is repertinl 
of liis dwelling house at Vauxhall, evmy part of which t'xhibitfnl pr<»cdk 
of his inventive mind ; even the .side tahh^ m his dining room was supplied 
with a large fountain, and the glassixs stood undm* liftle HtrtuimH of water. 
His coach too contaim'd a portuhle kitelum with cIoek-wi>rk miiehinery, 
by which ho could make soup, broil steaks, or roast a joint of meat. ^ 
'^Vauxhall gardens, as a place of jmblic n^sort, apptuir to hnvi» originared 
in the curious things constructed then! by Morelitmi. Aubrey, in his His- 
tory of Surrey, state.s that in 16(i7, Sir Samuel built it fine n»om at 
Vauxhall, the iiiKuhmill of iooking-ghiHS, ami fountiuim %*ery plciisant to 
behold, which is much vlsinnl by Htrang(u*s, It stands in tlu^ middle of 
the garden, covert'd withCtirniHh slat<% on the |)oint wheiaad* he placed a 
Punchinello very well carvtul, whieh held a <Hal ; but the winds have tie- 
molished it.” The houm^ [obst‘rvt*s Sir dtdm liawkims] m*etn.H to have 
been rebuilt since the timt! that Sir Samutd iMoreland dwelt in it ; and 
there being a large gartlen belonging to it plnnieti witli a gnuit nmub<‘r 
of stately trees, and laid out in shady walks, it tibiniueti tin* imim^ of Spring 
Gardens, and the house btung converital into a taviTu «>r plaee (»r entrr^ 
tainment, it was fretpienteHl by tht» votaries of phuisunn” 

Morelaiubs attachnumt to mtmhnnics contiimmi unabatetl in hl» ohl iigi% 
and even after his sight was hmt. A pleasing proof of this is given in ibii 
diary of the celehratml Jtdm Kvelym Octolmr Ibbfn The arch- 
bishop and myseUe wtml to Hamtni'rsmiih tt> visire Sir Sum. Moreliiml, 
who was entirely bliml ; a vmw nmrtifying sight. He ^ht*wml tm Ifw in- 
vention of writing, which was very ingmilous, also his wmtHiim kidtutder 
which instructed liini all by hading, and «»ther pretty and usefnl inventioim 
of mills, pumps &:c. and the pump he had en^ctml tiuit hwvoh water to hia 
garden, and to piiHHtmg<*rs, with an inscription, ami brings, from a filthy part 
of the Thames nt'ert' it, a moat perfeet and pure water. liad mnvly 
buried <£200 worth of mumc bm»ks, six feet under i^rouinl, being* as 
he said, love songs and vanity. He plays himselfe psahim and ridigifnii 
hymns on the Theolm.” 

It is singulnr that alimmi all the early Kigdi^^h sttairn maelnnists and 
supposed e.xptunmenters wertt vottrtms, llaccui wits Lord Cditttieellor ; 
Ilaniseye, groom of tln^ privy clmtnber ti» tdinrles I ; Worcester, ii ftiiir- 
quis and a general ; Mortdaml, a knight, ami groom ttf tin* jirtvy or IumI 
chainbei*® to (Jharh‘S II ; and ihiHlndl ami Siivtuy held ofltcei tintler the 
government. 


“ It is a natural in{|uirj, whiil mill dtilies were amtcltin! fa such an aflicc, that grttiinmn 
should doiro to gcrioriu thmii ? ami jmrlicalarly U# sack heasts a# II or <ii»ar^a 

IV 1 An antilysw of the hanarn which immiirclm hc?»iaw, would iiOard iuiuwruuuif and 
instruction to American reatlers. It waiilil add ta the cau^iiw of hanest ♦!xultatau» ni th« 
founders of our re|mhUc, far their owludmic sach liialeries from anr ph«»res. Oar 
ample in this respect m wall m in others, is deiitined hy Pravuhmet^ m inert a wi{utt»r|' 
influence on the world. A spirit of im<|air}% and ideas of self r«**jpeef, ure already h#* 
coming too prevideni far men la ha kept tmteh longer in a mere »tiiie of pupiltiga, la ht 
governed like children through the iiieiiitim of their seirse's, wiih pngeiinlM and hifh 
sounding titles, coiiimiNii and cereinaaiau, tiinad imd gewgaws, d now peipaiw wliii 
have not reflected an ibo »uhj«rt, have need of’a large filiare of faith la heheve mti half 
the circumatanccs conaiauiiti witfi the origin and the canferring of tiilei, §0 truly prt 
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The next experiments on steam of which we have any account 'v 
made by a Frenchman, but not in France. The reason of this ma' 
well be noticed, since it will serve to show how great the blessino-s 
which we enjoy over the people of the old world. Of all the diife 
species of tyranny under which Europe has groaned and still groans, 
by which the inhabitants are compelled to adopt such articles of relicr 
faith as their governors choose to give them, is the most diabolical. ' 
may be considered as the climax of human degradation, and of hu 
oppression. No feeling mind can contemplate without horror the act 
those despots who, not content with consuming the substance and ty 
nizing over the bodies of their subjects^ as they call them, insist on 
duing their minds and consciences also ! — despots who, though covi 
with crime, blasphemously set themselves up as “ Heads of the Churc 
and “ Defenders of the Faith !” and this too by the “ grace of God 1 
And these Heads of the Church, in order to defend “ the Faith,” 1 
harassed, plundered, hanged, shot and even burnt alive both men and 
men who would not acknowledge them as such ! Thus it was when 
edict of Nantes, which Henry IV established to protect his Protes 
subjects in their civil and religious rights, was revoked by Louis XI’\ 
became the signal for the most violent persecutions of that people. T 

children were taken from them a-hd placed under Papist teachers i 

were compelled by the penalty of military execution to embrace the 
man faith — a price was set on the heads of those who refused — a twent 
part of their whole number was butchered — ^half a million fled into o 
lands (as the Pilgrims did to this) that they might be at liberty to wor 
God according to their own consciences. In this way the most ingen 
and avowedly the most industrious mechanics of France were dr: 
into exile ; and by a righteous and retributive Providence, the staple 
nufactures of that kingdom were transferred to other nations. 

Of those who took refuge in England was Papin, a native of Bloi 
physician and philosopher, and one of the most talented of the earl^/ 
perimenters on steam and air : a man of whom any country might 1 
been proud, and who, though France then cast out as a disgrace, 
noxD claims honor to herself for having given him birth; and mourns 
the records of his labors are only to be found in foreign archives. "V 
a commentary on religious persecution, that the only claims which Ro 
Catholic France has or can set up for a share in the invention of 
steam-engine, are based on the ingenuity of a Jew and a Protestant !- 
Solomon Decaus and Denys Papin. 

Through the influence of the celebrated Boyle, Papin was elect 
fellow of the British Royal Society in December, 1680. He was an 
tive and useful member, and contributed several interesting papers to 
Society’s Transactions. In 1681 he invented a method of softening be 
with a view to extract nourishing food from them, viz. by submitting t 
to the action of steam at high temperatures, in close vessels named digeh 


posterous are they. The Orders were derived from all sorts of things, as the n 
stars, dogs, horses, swords, flowers, stones, shells, birds, pigs, the Savior, angels, s< 
women — and there was even an order of fools! — elephants, thistles, mountains, b 
wool, a table — and who does not know that “ the most honorable” of English Ordi 
the present day are those of the bathing tub, or hath! and of the garter! The cer 
nies attending these can only be equalled for mummeries and childish puerilities b 
old interludes, as those of ** The Bishop of Fools” and '' The Abbot of Unreaj 
Such are the things that distinguish “ the privileged orders” of Europe — that 
deemed necessary to maintain the dignity of the crown,” — and the debasement o 
people. 


Chap. 7.] Digesters and Sajtfi/- Valves. 447 

The^re seems how<‘ver to ho seme inistakcj re.specVirjg the just men- 

tioned, which is the oat' gtnierally as.signed; hu* in tlu^ sectuid velunu‘ of 
Boylcfs Works (hy Shaw, Ijou. 1725) are thnaihs of ex|HU*im<‘nts (»n hoiiln^ 
Leaf &c. “in screw’d vt'sscds or dl^<‘8titrH,” in the bi*glunln^- iA' the ytuir 

1579 thus: “January 29. Might ihiys ago I fill’d a screw’d vessel with 

beef and water togetlnu*, and whtui it had eontiniUHl over a nnHhu’ure lire 
for 8 or 9 hours in halnvo marite |a waU‘r haiii| stopp’d also with a si’n‘w, 
I took the flesh out,” iVc. “ h'eh. ,10. 1 boil’d a covv heel after tin* saino 

manner as I hail dottii tin* flesh tdiovt^ mention’d, but left it for four hours 
or more upon a moderate fin*; thi'U the V(»ssels being unsti»ppM, we fouuil 
the flesh exctHulingly wt‘ll boiltul, and the btiiies so stfll tluit they might Ih^ 
easily cut with a knife and eaten.” “ Meb. 12. I rt‘peated the experiment 
and let the vessi*l ri*tuuin exposi'd to the Are flu* 12 Inuirs,” ikv. 

“ Henc(* it a|>[)ears that many i»ones nml hard tembuis, which we ilaily 
throw away as uttproflfabh*, tnay, by tin* help of a /jidmv marhe stopp’d 
with a screw, hi^ convm'tml into good mmrisiunent.” pp both ftol. 

Papin’s first dig<‘SU‘rs \Vf*re as liable to be r<mt miuuder as eolipile#! 
placed on a fin*, with their orifice.s Mtoppml, d'hey are figurt'd in detail in 
Ihfllnitiro’s tie /V///.y/ 7 //r, 2d ed. Parts 17 IS. Mmdi I'onsihttui 

of a short l)ut very thick tube, of beibmetal, about a foot in leniph and 
five inches in dianu*tt‘r, with tme tuul ch»seti. d'he open end had a collar 
cast on it, to which tlie <’ap or cover was secured by clami>M and a rcrew. 
The covt‘r and tuul of the tube Wi»re grimnd toi’etUor Ro a * i«> fit air tiglii, 
like a valve to Its s(*at. A few bom»8 and a little water wcie pul in, and 
the covtT screwed (bwvn ; the vessel wan then l.ii»l in a lion/auitai po hion 
on abed of charcoal in n. hmg iron grate. ’Fhe alimcu unavoidable rup- 
ture oftln^Ho vcsstds, led ihtpin tj» tin* inv»*ntion of tin* icier aal'ely valvt^ 
which he first applieil to them, ami afterwanla fo machines for nn«ing 
wat('r by sttx'uu. 

Notwithstanding the pructicu! kntw^ledgt* of the propertten tif siteam 
actiulretl hy the emplo^yment of digesters, Pnpin does not appear to have 
had any uhui of using u m a mecbunical agent till 8ome yi^ars aftt*r. Hhi 
first pupm* on the suhjeet of rat*ang water in dated d uly, PIS, 7, (Plui/rran«. 
voh XV, page 1992; Aluhlgment, vob i, page 6otf} entitled '* A New Way 
of Raising Water, (‘nlgmafically pr(»po •.<*d.” ’bhree tliflerenr nolnfitum 
wore sent in, after which ht^ explainetb d'hi* thwice wim a Mind! fountaiitt 
in which the litjuid was raiaed by a piuon IicIIowm ** put in fiome secret 
plactg where a bmly may play tlie name.” 'I’lie applieation t*f the devicti 
was then poiimal out, vva, ti> draw water ftaun mines, by meimii t»f a run- 
ulngstream locatetl *' far distant ” iroin tlo’m : in «uher wordn, to transmit 
pow(‘r to a cou«i(lt*rid»le tlisfance by meaic^ o( tur. 

llis plan was this : a series of iur'h|,d4t ree<‘iverH were ff» be |dnet‘d, 12 
fi‘(‘t aijovt! t‘uch other, in the nhaft ; the higheiU tm a levt*! with ihi* igsumd, 
and tlio IoW(‘St 12 feet above the laUloin t«f the pit. I’he wafer lima fo lio 
transferred l»y the pre-catre of do** aimo’-iphere from tme receiver to am»- 
thm*, till it wa.H ibsehariooi idiove, l*'or fins purpose a pipe r*xten»led from 
the watm* to the botttan of ilii* lowesi ves.Hci ; anollter pi|»e from flo* fjtwer 
part of’ this to the next one, iind so on fo the top; and to prevent tio* wafer 
from rutsuing hack, the upper t»rifi»'e of earh pipe wan etivrred by a valvt*. 
1 he moch* by winch lie alternately wiilolrew air from auiladmiffed it into 
the rec(‘iv(*rs, coieUUufea the main feature of llie plan, fl’he upper pii.rf,*i 
of every two receiver*^ were r«tnnected by bramdi pipes to n huet one iif' 
tached to tin* boftom tA" u Mtparate air-pump, which uas to l<e pliteeil nenra 
water-wlieel impelled by lln* luirrent ; and the pi'.ton wii’-; to be worked by 
a cmnk formed on the fhiifi of the wheel, d’he operaiioii t*f tw'o piinipi 
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and four receivers will be sufficient for the purpose of illustration. T 
pump cylinders were open at the top. They had no valves, and but o 
small opening at the bottom of each where the long air-pipe was unite 
and the capacity of each cylinder was equal to that of two receivers. T 
cranks were so ai'ranged that as one piston ascended the other descend( 
It was not two adjoining receivers that were connected to the same pun 
but the lowest and the next but one above it, i. e. Nos. 1 and 3, while 
Nos. 2 and 4 the pipe of the other pump was attached. Then as i 
piston of the first mentioned pump was raised, the air in Nos. 1 anc 
would be rarefied by rushing into the pump cylinder, and water would 
forced into them by the atmosphere : in the mean time the other pisi 
would produce a partial vacuum in Nos. 2 and 4, and they would hecoi 
filled with the liquid contents of Nos. 1 and 3, in consequence of the 
previously in these being driven back by the descent of the piston • 
that as the wheel revolved, water would constantly be entering one h; 
of the receivers, and the contents of the other half be discharging. Hi 
the water was to be delivered from the highest receiver Papin has i 
informed us — probably through an orifice covered by a valve openi 
outwards. 

This project was ingenious, but of no practical value ; and it failed ev 
in an experiment. In consequence of the extreme elasticity of air, a 
the great facility with which it dilates and is compressed, little or no eff 
was produced by the action of the pumps. When a piston descended, i 
air in the long pipe readily yielded to its impulse without imparting a 
very sensible comj)ression in the receivers ; and on the piston’s ascent, 1 
air in the pipe again dilated and no sufficient rarefaction took place, 
consequence of the great distance of the receiver from the exhausti 
apparatus. 

On the failure of this he devised another plan. Suppose, for examp 
that it was required to raise water out of a mine, and that there was 
river to turn a wheel to work the pumps nearer than a mile. Papin p 
posed to place two air-pump cylinders fitted with pistons near the wat 
wheel, and other two at the mouth of the mine. These were to be ci 
nected by a pipe. The action of the pistons moved by the wheel was 
compress the air in the cylinders, and in the pipe throughout its wh^ 
length, under the idea that when the pistons at one end of the pipe w< 
depressed, those at the other would, by the communication of pressu 
be elevated ; but although the pistons moved by the water-wheel ci 
densed the air, those at the mine stood still. The same cause that ' 
Papin to abandon the first device, also rendered this one useless. If 
were incompressible, the plan would have answered : had he employ 
water instead of air, the machine would have performed. Nothing daum 
however, he tried again in 1686, and with a somewhat similar apparat 
but one whose action depended upon the rarefaction of air. Two lai 
air cylinders, open at top, were placed a short distance apart at the moi 
of the mine, and directly over them a cylindrical shaft or axle, suppori 
on journals at each end. Instead of rods . being attached to the pistons 
strong rope was fastened to the centre of each, and coiled three or fi 
times round the axle in opposite directions, and fastened to it. Betwe 
the cylinders a large drum or wheel was fixed upon the axle, havinj 
long rope wound round it, and the two ends (of the rope) suspended fr 
opposite sides reached half way down the mine. To these ends twolai 
buckets were attached, in which to raise the water. As the drum tun 
first one way and then the other, one bucket would be raised and the ot] 
lowered, like two buckets suspended over a pulley in a well. The des 
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of the air cylinders was therefore to impart an alternate movement to the 
axle and Jrum, and cousecjnently to the buckets, by the dn'cmi of the 
pistons. (The power that forced these d(»wn was the prensiirt', of tlu‘ at- 
mosphere, and the manner of exciting it will presently ho. notituul.) lltmee 
as one piston descended, the rope securetl to it necc^ssariiy dvow round 
the axle, and raised the other; and whcni this one in its turn was forctHl 
down, the movement was reversed and the first one raisetl. 

A communication was made bt^tweem the underside of the two cylindera 
by a pipe, and to this anotlujr long one was attached at right angb‘.H. This 
last pipe was to be of such a !<mgth as to reach to tlu% place wbercs an 
under or overshot wheel could Iki applied to work two air-pumps. 'Flu'se 
were to be furnished with valves and «uck(*rs like common sucking pumps, 
and to the lower part of (Uich the exhausting pijie was to ho comu'cttni by 
a branch. These pumps would therefon? draw the air out of thc^ cylinders 
at the mine, and couse(|ueutly cause the pisttuis in thc*m to descenll. For 
this purpose, howevtu-, some <hivice for alternately opening and elosing 
the communication of each cylinder with tlm exhausting pipe was nupured ; 
because if a vacuum wtu'ts made in both cylimltTs at the mnno time, the 
pressure of the atmosphere on both pisfoiiH woubl be th(» same, and neither 
of them would move. To avoid thm, lbi|>in introduced at the int<‘rsc»ctl(m 
of the exhausting pi|H^ with the one that c-tumcHUed the cylinders, a four- 
way cock — three of Its passages being joimal to the tbret^ brniH’bes formed 
by the intersection of the pipes, while tb<^ fourth ime opmied to the air. 
Thus, supposing the pumps to be cmiHtantly at work, and the plug of the 
cock so turned that tint air in one cylinder at the mine might bit ilrawn 
out, the atrnospliere^ woubl then push down the piston, providml the vx* 
ternal air had acci^ss to the umler side of the other piston, Tbi» wiw tliiit 
which the fourth |)assuge of the cock was dtmignetl to ficeomplish ; for 
whenever one cylinder was in commuincaiion with the exhausting pljm the 
other was in cogimunicatiim with this passage, and hence by turning the 
rock a constant reciprocating motion was imparted to the axlt% drum ami 
buckets. 

A project sometldng like this, Papin thought, might im a{)plie<l to work 
the pumps of the great machine at Marli, (sets pagti 29b)— the power of 
the water-wheels on the Heitm being tratismltteil by atr insteiu! of chidna 
&c. The device is crmlitable l<» his ingtmuity, but he wiis! doomed to 
experience further disappointment ; for, on irinl, tbt^ air was so slowl’y 
drawn from the fylind<!rs, and the tliiliculties tif making the pistoni work 
air-tight were go great, that no practical benefit roubl lie derived by lit 
adoption. He enlarged Ids pumps iiml diminished the bore of the jdpei 
in order to acceb^rate tin* movement of the pistons, hut widtotU, iueceii. 
Had he placed a close vessel, several times larger than hit eylinders, m 
communication with tlie farther end t>f tint exhiuiiting jdjm, and in which 
a constant vacuum was midiitidned, then, <m turning the eock, the air in 
the cylinder woubl have ruslte*! into this vesiel, and the piston woubl im- 
mediately begin to dasmmd. This mode of tranimittirig power is capiible 
of some useful applicatbms, Hea an ficeoiint of a proposftd piicumiuic 
rail-way in the current jourmtk of the iky. 

Although these attempts to ndge water »n<l triinsmit powt^r by means 
of air were unguccessful, they tim interesting for th<^ Ingcmdry di'^played, 
and also because thfdr failure bul Ihipiu to the employmenr of other agenti. 
Having been invited by the Landgnivi* of Ifesse to acropt tiu! profeisor* 
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duce a vacuum. His apparatus consisted of a small cylinder, in w 
piston like that of a common pump-sucker (viz. with an aperture cc 
by a valve) was fitted to move. Tlie bottom of the cylinder was ( 
and when the piston was near the top he exploded a small cha 
powder below it, with the hope that tlie sudden blast of flame would 
all the air through tlie valve, which instantly closing would previ 
return. A vacuum being thus formed, the pressure of the atmoi 
would be excited and might ho used as a source of power. He 
not however succeed in driving out all the air by the explosioi 
the pressure on the piston, (ascertained by attaching weights to j 
passed over a pulhiy and connected to the piston rod) instead of 
13 or 14 pouiuls on the square inch, seldom exceeded six or seven 
puhlisluul an account of these experiments tlui following year in th 
Ernditorum^tijimvmil published at Leip8lc,aiul which was to German 
the Journal des Savans was to F ranct? and the Philosophical Trans? 
to England, It was (tomnumctHl in 1()82, and both the latter in 16( 
In 1090, Papin, unalilo to obtain a suflicient vacuum with gunpc 
turned his attention to steam. In one of his first essavs he r?xis 
piston liy its <5Xpansive force ; and then allowing it time to cool and 
to its former bulk as a liquid, tluj pressure of tlu^ air forced the pistoi 
His cylinder was 2^ inches diameter, and clostui at the bottom. A 
tjuanlity of water was introduced through a hole in the piston, wliic 
pushed down to exclude the air below it, iuid the hole then stoppci 
plug. A braskir of burtung coals was now ajiplied to the bottom 
cylimh^r, and the piston tsonsequently raised by the Jiccurnuhiting 
When the piston reached nearly to tlie toj> of the cylinder, it was re 
there by a latch slipped into a notch in the piston rt»<l : the lire wa 
nunoved, and tlie steam <ptickly coiuhnisml l>y the lower ternpeniti 
tlie surrounding air : the latith was nmmvtid, and the atmosphere p 
the piston down ami ndsetl a loud of (>() pounds, which was aUtiche 
rope ami pulley u> the piston rod, htiing an efleciive force of 121-1 
upon every stjuart^ inch on tln^ Hiirface of the piston.*^ A de'^ 

tliii kind l\pm thought was atiplicable to draw water from mines, 
row hoiai tgiutmt wind and title. 

it does not appear that Papin made any esstnithd improvement i 
iipparalui tluring the ftmr following years ,* fi»r when he publish 
** Reitinnl dtia diverse Phkmi ttnudiant (pud<ptes Nouvelles M?iclii] 
autrt'H Sujeti Philmit>}>hit|m^s, par M. I). Piipiu, Dr.en Med, ACasel, 
Jut still coimniiplated gent^raung the steam in the cylinders; and at 
fUnike thest» wt*re idtlier movtnl from th<; fir<% or the Ere from them, 
astonishing that tint idmi of a fixed and sepiirate boiler did not occur 
His plan was tjt'viu* Irhal except nn an ivxperiment ; and he subseq 
abimdoneil the use of cylimlers and pistons, and applied steam t( 
water on the plan of WorcesteFs (JSth proposidon. This was unfoi 
for hii fame; for in Ins experiments with the piston and cylinder 1 
in |M>«ieiiion ofmnnw primuple of the low'-pr<».Hsurti steam-engine, a 
he followed tip the «mvice he wtndd have borne off the [lalm from 
conternporiiries. Even the Idgh-preiiure engine, and all the glorj 
ilevekipmeiit, wat then within his rttach ; Imt he was no practic 
ebanic, and hit thoughts beciime diverted into otlier channels. One 
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most pleasing and lionorabla circurnstances c(nm<*ct(‘d wiili the history of 
Papin’s labors, is the candid admission of aeyoml English writers of his 
threat merits, and their gen(U’t)UBly expressing regrt‘t that his attention 
^ould have been diverttal when he was so n<*ar reaiiyiing the* most sphm- 
did reward. His name is however iitaeparahly connecttHl with th(' sttnim- 
3 ngme, and as long as the safety-valve shall he used the world will his 

debtor. t 

It should not however be supposed that snftuy-valves were wholly un- 
known before Papin’s time ; on the contrary, they were fretpiently ustnl, 
although this fact has not been notictul by any writer mi thi*i sttnmt- 
sngine. The liability of stills anti retorts to he rent asunder hnl ohl trlie- 
mists to apply pl^ga ofxmitjgs in those vessels, that tlu^ va|»or might 
raise or drive tham out and tJseape <’re its tension t^xceedtul tln^ strength 
of the vessels: such wH^re the plugs in ancient steam thdties, st*e pagt* lliHK 
In some old works on distilling, conical plugs or valv(‘s are shown ns fitted 
Into cavities on tlui U»p td’ b<»ilerH, and in some east*« they W4*rt' loaded. 
In the Jlmtique dt^ Malstrt's (lliarles Msiiennt^ et Jtsm Ididmitlf, 

Docteurs on Medecint%” Paris, l/>74, folio 190, 197, ant fignrtm of two 
dose boilers in which tint distilling vessels were h<*aU‘ti ; (uut formtnl a 
water, the other a vapor hath. On the lop of (»ach is a conical valve o|Mue 
ing upwards. These servml both to h^t out tint superlltiouH .steam ami 
introduce water. Glauber, who conrriljuted several valuable atlditionn to 
the mechanical dt*partnu*nt of chemistry, has ftgttred ami de‘scril»ed, in bin 
Treatise on PhiloHOphitad Furimces, tin* mod<*H by wbi<-h he prevented 
glass retorts or stills from being Inirsf by the vapur, A hnig stopple or 
conical valve was fitted to the neck of mich, being ground air-tight to its 
seat, and loathed with a cap fif Imid,” so that when the steam bt»earfie too 
'Miigh” it slightly raised tlie valve ami a portion escaped ; the valve then 
dosed again of irsedf, *■ being pressetl down with the leaden cap and «o 
3 (opt close.” (English Trimslatioii, LomL p. ttOCu) The valve on 
Newcomen’s first engine wa« of this tlescription. In the satna wt>rk Gtfiu- 
[)er descrilies the most philosophical of all safety- vttivei, viv,. a column of 
mercury enclosed in ?i bent tube which <?ommuniaue« with the boiler or 
still, somewhat likts tlie modern mt^rcuria! gauge. Ilt^ also deicrtlies that 
beautiful modification of it known among chiunisrs iii the water lute, or 
quicksilver lute : that is, aronral the mouth or neck of a vtnHsel a deep 
cavity is formed mid partly fiiltHl with water or mercury, .a« lluf east^ may 
be. A cylindrical vessel, open at top and closed at bottom, forms the 
cover: it is invertetl, tlui open end Immg placed in the cavity and dipping 
as far into the liquid as the internal pressure may requirin In ** I’lie Art 
of Distillation, or a Triaitise of the riioisest Hpugyrical Experinienfi/* Ac. 
by John French, Doctor of I'*hyiie, leimL Ibfjl, the author describf*s tlu^ 
same devices for pri!veitrin|.( the explosion of vessek ai those mentioned 
by Glauber. Bpeaking of the action of such aafiuy-valvf^s ht^ o!»serve»'!, 
(page 7) “upon tlie top of a stopple [valve] there may lie fastened ruum^ 
lead, that if the spirit be toe» siroiig, it will only heave up the stopplr ism! 
let it fall down again.” Pitpin’i claim therefore in imt to tlie valvo imelf 
but to its improvemtuit, <ir rather to the mode of applying it by meaim of 
a lever and nioveiilile weight ; tlieridy not only prevtmting the viilvt^ from 
being blown eritir«‘!y tsut of its place, but regulating th<» prt*SHure tit, will, 
and rendering the tfevice csf tiniversal applicatitm. 

It was not till sotm^ years idb*r »Savery had introtlm-ml his steiirn machine 
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'A C(^per boiler, A, is set in brick work and furnisbed with a 
valve, B, whose lever is loaded witb the weight C. The steam p 
cock D connect the boiler with the receiving cylinder F. A hollc 
or piston is made to move easily in F, to prevent the steam from 
in contact with the water. A cavity is made in this float for the re 
of an iron heater, Z, designed to keep up the temperature of the 
when the latter is admitted into F. The heater is admitted throi 
opening on the top of F, which is closed by the valve G. X, a 
through which the water to be raised is introduced, which is kept i 
turning by closing the cock or valve H. The lower part of F is coi 
with the rising main K by a curved and tapered tube. The pipe 
minates in a reservoir or air chamber, whence the water is dischai 
the pipe O upon an overshot wheel, or conveyed to the place when 
be required. If the receiver be charged from below, a suction pi 
perfectly represented by the pipe I) was continued to it from th< 
side of the curved pipe. The steam flowing through the pipe D 
down the piston, and the water beneath it is forced up the pipe 
valve at the lower part of K preventing its return.) When the pii 
reached the bottom of F, the cock D is shut and the one marke 
opened. H is then opened, and the water rushes in and drives 
piston as before, when the operation is repeated. Water was ra: 
one of these machines to an elevation of 70 feet, whence it descem 
formed a jet d'eau in the court of the Hessian Academy of Arts. 

Belidor inserted a figure and description of this machine in the 
volume of his Architecture Hydraullque, p. 328. 
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CHAPTER VIII. 


Experimenters contemporary with tnfiaeer publWwg hb loveutbui— His 

project for propelling vessels— Itiilieuks tho Hurvoyor of tli« Navy for opposing It— Ilk first oxperhnouii 

on steam made in a tavern— Account of them by Desaguliers ami Hwitaor— Savory's first eng!«o-»lis 
operation— Engine with a single receiver— Savory k imprtjved engine descrihml— tJauge cm k»«'-Kxcel» 
lent features of hk improved engine— Ti« various parts eounecied by coupling screws— Had no iiifety- 

Rejected by miners on acm»unt of the danger from the hollers expltMliog»-.Holtler meUetl by 

steam— Opinions respecting tlie orlgtti of Bavery's engine— It Imars no relation to the piston tngino 
—Modifications of Bavery’s engine by DesngttUcrs, Leopold, lliakey and others— Hlvatsf—bbtglwes by 
Gonsunno— De Hours— I)e Iligny— Francois and others— Amonton’s fire milb«“Newcomett and Gawky— 
Their engine superior to Savory's— Nowconien acquainted with the previous experiments of l*«pin— 
Circumstances favorable to the introduction of Nnwc<»mea*a eofin©— description of it- tkmkiisatioii by 
injection discovered by chance— <’hain8 aad Hector#— Bavery’s claim to a share in Newcomta'a patent an 
unjust one— Merits of Newcomen ami Cawley. 

Both pliilosoplicirs an<l nitJclmnlcB were engiiged in t‘?c|)t‘rinn*ntH on nir 
and steam rnaclunes about the Barnti timet m Papin, Of SitviU‘j, 

Amontons, Newcorrum ami (Jawitty wort' tint miKHi, aueot’H.HfnL 'I'bt' twti 
last i}amed have not ifmu^raily Ijoou rtm«itloro<l mi t‘nrly in lltti fudd ; btu, 
from an observation of BwitxtT, buoh uppoairn tu laanj tlio oant'. An 

weekly and monthly * Journalu of ArtrP an«l ‘ MoohanittJi* Mit|,nc/,ittoi^' binl 
not then been introtluetn!, tht»Ht» wlio wont diMptmoti to oomniunioiitti tltoir 
discoveries to tlio pubite hml no upproprlatii modluin for tliang mi, oxoopt 
by a separate pubUeation, anti tins mtHie butattoxeotidingly biiiiill mimbtir 
of inventors ever adopted : hemte it is that not only the tiatei t>f ieveral 
modern inventions are urieertain, Init numerous tleviet's uml vahiable 
floating thoughts have, with their aulliors, beeti tnuinfanily pasaing into 
utter oblivion. Tho history of summ nn a nieehiinie.al agt'ut aflbrtbi signai 
proofs of the advantages of inventori reetirding their ideas : thus the naiiiii 
of Decaus had long btam forgotten, w'hen at* old iraet t»f his was tliseo* 
vered containing the device we havti hgiireil at |iage 410. Tliis hii |irii- 
bably considered the most trifling thing in his book, yet on aeeontit of it 
a place has been claimtid for him aint»ng the irnmortid anihori of the iteiiin- 
engine. Moreland, of whose speaking trumpet an aeeoimt wiii ifiiiirted 
in the sixth volume of the Philoiotihiedil Triin«artitin«, and lib idiiai of tlie 
power reejuired to force water to uiflerent elevarioni in thii iiitilh, omitted 
to publish through tlie same or any other inmliurn a deicri pilot* hii 

steam-engine; and hy this neglect has hist a large |Kirli«n of houfir that 
might hav<5 been attiiclied to his namm The same may be said of Cbiriiy, 
Ramseye and Wcmtmtvr. Bavery, however, kmm* beilt*r, for be iidd bis 
machine before tlie Royn] Bocnet^ and got it milieeci in llmir TriuiHitecions; 
and when Im liad iiubii*t|iient]y unproved it, he ptildislied a separafi* ac- 
count with illuMtrationi ; in con«iH|uence of which he has uoineuineii been 
considered the author iii well its desertber of tho firnt wcu’king «lefitn» 
engine. 

Of Sa%mry*8 |M»r8onal history, le«« hnn trariBinred. fluin of rithitr More- 
land’s or Wercester’s, He «*vi<lontlv was a miirt (d* if real imerifv. who 
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Silvery' s Project for frojpdling Pools. [Boo 

became an engineer and thus acquired tbe title of Captain^ agreeal 
a custom which, is said still to prevail among the Cornish miners, 
seems to have acquired a competence, if not wealth, previous to the 
mencement of his experiments on steam, and we shall find that he v 
independent in his spirit as in his purse. Switzer, who was intin 
acquainted with him, says he was a member of the board of commissi 
for the sick and wounded j but this was probably in the latter part ( 
life, and subsequent to the introduction of his steam machines. 

The first invention of Savery that we meet with is in a pamphlet 
lished by him in 1698, on the propulsion of ships in a calm. His 
consisted of paddle-wheels to be worked by the crew. In the first e 
of Harris’s Lexicon Technicum, A. D. 1704, there is a description, a 
the second, 1710, a figure of Savery’s /'engine for rowing ships, 
horizontal shaft passes through the vessel between decks, and to eac 
a paddle-wheel is attached. On the middle of the shaft is a pinii 
trundle wheel, and underneath a capstan upon which a cog wheel is 
whose teeth are made to work between those of the piniop. A nu 
of bars are arranged in the capstan, and the crew were to apply 
strength to these as in raising an anchor. As the officers of the adm 
after examination declined to adopt it, Savery tells them he had two 
important inventions, which he would not disclose until they did hin 
tice in this I He even held up his opponents to ridicule. On the Sur 
of the Navy, who reported against the adoption of his plan as one n( 
new nor useful, he was very severe. At that time large wigs were 
monly worn, and Savery gave a. smart rap on that which covere< 
head of his official adversary. " It is [he observed] as common fo: 
and nonsense to be disguised by a jingle of words, as for a blockhead 
hid by abundance of peruke.” Had Savery been of a timid dispos 
we should probably never have heard of him. After enduring oi 
two rebuffs in attempting to introduce his inventions, he would hav 
tired and sunk unknown into the grave, like thousands of inventors 1: 
him. 

Of the few incidents j)reserved respecting his private life, there ar 
from which it seems that he loved a glass of good wine and a pipe ( 
bacco ; and that, to obtain them, he was in the habit of visiting a ta 
Let not those who eschew such things complain of us for unnecesi 
mentioning them, for Savery’s first experiments on steam were mad( 
bar-room, with a wine flask and a tobacco pipe. At such a place and 
such implements he is said to have become acquainted with the prin( 
of his famous machine. The circumstance has not been commonly kr 
or some scientific Boniface would, long ere now, have adopted Sa'v 
head for a sign ; and artists would have made him, in the act of e> 
menting, the subject of a picture. There is a rich but neglected fiel 
historical painters in the facts and incidents connected with the origi: 
development of useful mechanism. 

According to Desaguliers, Savery declared that he found out the p 
of steam by chance, and in the following manner : " Having drank a 
of Florence [wine] at a tavern, and thrown the empty flask upon the 
he call’d for a bason of water to wash his hands, and perceiving tha 
little wine left in the flask had filled up the flask with steam, he tool 
flask by the neck and plunged the mouth of it under the surface o 
water in the bason ; and the water of the bason was immediately d 
up into the flask by the pressure of the airJ’^ This illustration of the a 
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JSuJirst Sieam-Engine. ^56 

- , « vessel from tlie air had been expelled by steam, %vas 

,er mto a vessel it appears to bav(. been so ■ 

irse not new in oa account. “ The lirst hmt h-om wlueU 

f7“rS‘eimine. was from a tobacco pipe, whi.-b lie inunersM 
„d he toolvtl s ho discover’d by the rarela.mou 

sh or cool It, as „f the water and the gra vuut u.n 

air in the tu ,, y , tlmr the water was madti to spun^ thiouj^h 
pulso of the exterior 7“ It was an ohl 

ibe of the pipe m 't j (clay) pipes Imcaine blnekened 

teeof veteran Bim.^^ ,,, p n-e 

gh ttBe./te^ I "; j,,.y red hot, then to remove 

in a riltlun they were whitened nn.l pur.h.-d hk.M i. 

to cool. y " I • which was tu the ^ 

obustible cloth of of the i.ipes were 

■reqmnitly w j ^uHluntJ tlir.meh 

red slowly into w at ? nlV#is»4 sirroutluiuuM!, aiul «uitiettuies» 

^hes, was causes, and far 

tic pfrtS^e ^ba, inferel.ee Savery drew 

have led Savory ^ 

Matured bis ideas rospectmg its onpines, and to secure a 

pnieut as early us Itm In.lune 
;,r till. foUowlup year be suimaued 

a wijrklug model m the Itoyiil «;* 

edety, and made saccesstul expen- 
rnent* with it »t the same time. A 
filturw of this «««»» was l»ubbslie< 
ill l!w Tnmsaclions of ihiityiar. and 
may also be found in the first vulimie 
of Xowthorp's Abmlgment. No, 
193 i* a copy. It cmmisted of a 
dosa boiler, B, »eim a turimre 
A and two receivers I» 1> support - 
«d on a stand, and minle of stronp 
copper ami air-tight. A suction pipe 
whose lower end descends into a 
wdl. ..iher nkce whence wuer 
is to bo raised, (whidi may kt about 
24 foot below h D) and wh.ise up- 
per part. lUvided mto two branches, 
oommunicami with the /»/' '» 'e 
reeeivofi. Each branch is fiirnisl.ed 
■ with a vatvo at E E, opemn}, up 
— - ' wards, to prttvent, the water Imm 
rtitunduff whuu «>uc«^ riitmHu i ut' 
Nam g»wy'»»‘in*B6|t««. p^rt of iho forcing pipe <5 ha» 

botwobra,Khcs.Fl^whichctlm«ume^J«;|;;;»^^^^^^^^^^ 

nd those bnuichca have dan yalvoa, B K, We t ho tn ^ 

Sacb receiver has a communication with the upper t ar , 

team pipes and cocks O O. *. ^ ,^vo thirds filkd who 

The operation WM as follow#:— i no “ . .. , — 



Hydrimtauci. aWien of J7i29. P«R<' 
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Savery^s Single Engine, 

water, a made under it and the steam raised. One of the cocl 
then opened, and the steam passing through filled the receiver by d 
the air previously within it into the forcing pipe : the cock was then 
and the steam within the receiver soon became condensed by the c 
in contact with its exterior surface, or by pouring cold water un 
hence a vacuum was produced within, and consequently the water in 
the lower end of the suction pipe was immersed was driven ud 
pressure of the atmosphere so as to fill the void. When this had 
place the same cock was again opened, and the steam rushing in ur< 
its expansive force the contents of the receiver up the forcing pip 
this manner water was alternately raised into and expelled fron 
vessels. 

As a practical miner, and consequently conversant with the subi 
raising water on a large scale, Savery was better qualified to cai 
views into operation than a mere philosopher. His first essay in emp 
steam was a proof of this. ** I have heard him say myself [observes Sv 
that the very first time he played, it was in a potter’s house at Lar 
where tho’ it was a small engine, yet it [the water] forc’d its way th 
the roof, and struck up the tiles in a manner that surpris’d all the spectj 



No. 194. Savory’# Single Engine. 

Sometimes Savery employed but one receiver. No. 194 represe 
engine of this kind, erccttnl by him at Kensington. A descriptior 
was first published by Mr. Bradley in his “New Improvements of Pb 
and GarJoning.” It is also figured and described by Switzer, whe 
mined it and thought it “the plainest and best proportion’d of any” 1 
seen. Its effects were con.sidered proportionally greater than those 
two receivers. C, a spherical boiler of the capacity of forty gallon: 
charged through the tunnel. B, the receiver, which held thirteen ga 
A, the suction pipe, sixteen feet long and three inches bore. D, the 
ing pipe, of the same bore and forty two feet long. A valve op 
upwards was placed in A, and another at the lower part of I), atH 
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Chap. 8.] Fuilieaiim of the Miner^s Fnend. 

to flow upon the receiver. A pipe attached to the tunnel desceiuled into 
the boiler and served the purpose of a gauge coek.^ 

The operation will be tuulerstood from tluj deaenptum <»f figure No. 193, 
By turning the handle of U stearn is admitted into B, and an snou us tlu) 
air is expelled frotn the latter, (r is closed and F opened ; tins idlinsion of 
cold water (wsec tins figure) t]ultskly coiulenst*s the contained vapor, and 
hence the receiver becomes chargtal with water by the pressurt' of the 
atmosphere through the suction pipe A. F is tlnm shut and (r omuual, 
when the steam issuing from tlu^ luuhT displaces tlu^ watt‘r from the ri‘- 
ceiver, and having no otlu‘r way to escapes tlu; lupiid is drlv<m up the pipe 
D into the reservoir prepiirtul t(> rcceivt; it. As soon as all tlu; water is 
expelled from the receiver, (whi<*h was kimwn by ap|ilying the hand to 
the lower part, for it wouhl bt; hot) (r is shut and F again opened, wiien 
the operation is reptuited as hefor<^ 

WJien this engirui hegins to work [says Switr.er] you may raise; fourof 
the receivers full in one mlnutt*, which is fifty two gallons, [h^ss the c|uan* 
titles drawn from F for tlu; purposes of comumsation] — and attluit rate in 
an hour’s time may be flung up 3130 gallons. The prime cost of such 
an engine is about fifty pound, as I myself have had it fiaun tlu; ingtmiims 
author’s own mouth. It must he notful that this engine is hut a smali ont% 
in comparison of many others of this kind that are madt? for coal-works; 
but this is sufficient for atty reasonable family, and other unv.n rtupared for 
it in watering all middling gardens.” 

Here is no provision made to replenish th<^ boiler with water f*K<’ept 
through the tumud J lu;nce the working of the machine had to he Htopped, 
and the steam within the hoih'r allowed to escape, before a fresh supply 
could 1)0 admitted. IJndtm sucdi ciiammstances the boilers wito very 
liable to become injured by tht; firt; wdum the water became low\ Tlu;y 
were also exposed to destrm^tion from another caunts, the fluTe of thti 
steam; for they had no itdety-valves to regulate it, atid hence thiuieef*s«ity 
of the following instructions; ” When you have rais’d water enougli, anil 
you design to leave ofl' working the engine, take away all the fir«» from 
under the boiler, and optm the cock [ctmnecied to the tunnel) to bu <nit 
the steam, which would otlwrwbe, was it to nirniiin confin’d, perhupo 
hurst the engim.^^ 

Savory, from his profcision, wan aware of the want of an improvetl 
mode of draining mines. The inflmmet; of the useful arts in iuirimiing a 
nation was then begirming to ho understood. A itimulus was imniirletl to 
manufactures, and tmi dmniuul for coal and the orei of Knglana rapitllj 
increased. As a necoisary ctmsfn|uenco the depth of tlie mint’s incrciiicil 
also; and hence proprmtori ht?camt.; anxious to possess some tlevice for 
clearing them of water, luul by wdiich the old, intdilcient and t^xctmsively 
expensive horso-gins and imekets might be diapiumed with. The ctwt (d* 
drainage was so great in some mines, that their jiroduco hardly e(|ualh*d 
the cost of working them : in on«i mine five hundred horics were coii^tmifly 
employed. Numerous novel projects had been tried and al»andt»m'd : 
what they wisre wo are not informed, hut its Eamseytiind Worcester am! 
probably others had proposed y?/-c nmrhhm for llie purposi’, s!j*am had 
probably been Iritul in seine way or other and had failed. Having gri’iitly 
improved his machine, Savery published an account td’ it, illufUratetl witli 
engravings, In a pampldt;t entitled The ilfmrr’jr Friend; (*r a rb*Hcripiiiifi 
of an Engine ior llaiging Wat«;r by Fire, with an Answer to the C )bjin*tiotii 
against it. London, prifitml for H. (Jrouch, 1703. In hn addreHii he liegi 
proprietors not to let tin; failure of other |)lnnrt prejudlci; tliiuii agiiifist tlio 
trial of his. Its power [lie obsarves] h in a manner iidhiile and litiliiiiiled, 

63 





H**- 193k. tHmbl# A, IK 17014. 

A ilfliiiltHl tif thin l•!«^l|unf iippimittis is not necessary, 

its iijwriiii»ii will 1 * 1 ’ frnin flio explitnatioii of tho two prea 

trtiiftliisieii. It i** «nl»‘Oiinfiri!!y iht* its In«j, 1!KI, except that this 
liiw itrti ulisrh 4ri* hi’ar«‘il hy «t‘pitraie furnaces, (i H. The 

thniiil briiltif Cl Wii?t m*^r**ly lt» mipply flic other with hot 

mill nccil not itirreforo ihr of the reader in rcaUxini 

working of the parts. The tipper enct of ilto suction pipe el 


and will draw you wafer 500 cU' a 1000 fet‘t liig'h, w-ero any pit so d 
I dare uuderlakt^ that this englm* shall rai.se you a.s much \v 
for eight-pmiee, as will rest you a shilling* to raise the like with your 
iuigines.*’ d'lu' origlnalfigtires in tin* Miner's Friend were inserte( 
IlarriH's L(’xiei>u T«‘chnieuin, in 1701, and e.epimi into Switzer’s Hy 
Htatie.H in r/ri0,ami hy l)<*saguliers in his Expcu-inumtal Philosophy in 1 
(which wtu’ks an* htdttre us) ami Hulmt‘([ueutly into ahrinst every trej 
on the st<*ane«*ngine. Nu. 11)5 is a reduced ea>py : tin* figure of the 
inau i.s an addition. 
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Chap. 8.] excellent features — Gmjpling Screws, 

Between these valves two short curved tubes comiect the bottoms of the 
receivers I M with the branches, as represented, and two other htmt tubes, 
P 0,, unite the top of the receivers with the boik‘r IL On the top of this 
Doiler, and forming a part of it,js a stout round plate, having two opeimigs 
of the same size as the bore of the tubes last mentioruMl. In tlu^se optue 
ino -3 the two steam tubes P Q t(*nuinatt\ B<u.w(H»n thc^ opemings, mul 
oirtlie under side of tlu' phitt% is a movtaible disk, which by a .Hh()rt arm 
is connected to an axle and inovcul by th<^ long k‘ver kIujwu on the top of 
the boiler; so that by moving this lever th<^ disk can be made to close 
either opening, so as to admit or (»x<dtide attuim from thc^ rexunvers, and 
answering every purpose of a thre^e-way cock. It is made? somewhat on 
the plan of tlie one in No. IHO, pag<! 42L The face oftht; disk is ground 
smooth, so as to fit cloaca to tlu^ tuuler side of the plate, against which it is 
pressed by the steam. The p<‘rp<‘iulictdar axle by which the disk is turned 
passes through the plate, ami iht.^ opening is made tight by a Btidfing box. 
(The plate and moveable disk are represented In the small figure at the tot), 
one of the openings Inung covered by the disk atid the other expostHl.) 
A small cistern, U, is placed over the, receivers, and kept supplied with 
cold water from the forcing pipc^ by meami of a ball cock, viz. a cock 
that is opened and shut by ii hail floating in the cistisrm From the bottom 
of this cistern a short pip<% T, procecHls; and to it is comn^ctcal, by a swived 
joint or stuffing box, another one at right angles. This pip<^ furnisheg 
water to condense the steam hi the receivers, over both of whii h it can be 
moved by the rod attached to the plug of the cock as shown in the figure. 
The upper cistern denottm the place wliere the water raisttd l)j the engine 
is to bo discharged. 

A communication is madt'. luitwiani the boilers liy a siidton or bent tube, 
R, whos(^ legs extend nearly to the bottom of the bmlars* In the leg 
within die small boiler is a valve opening upwimli, wliich parmiti the 
water of G to pass into H, but pntvents any returning from the latter. 
When the attendant wishi^a to inject Info II a fresh supply of water, he 
increases the littk! firc^ kept up undt^r tlie boiler G, (wliicli is nlwitys 
supplied with water by the pijie B,) and as soon m the liipiid boils mid 
the force of the steam exceetls that in H, the ctuitentH (tf Cl, both steam 
and hot water, are forced through the vulv<* ; am! thus II is kept aupplit?il 
without the action of tiie iimchine being stopp«*d. ‘‘rhe cu»ck on the pipe 
S is then opened, the small boiler again chargatl, and the wati^r hiHairaifS 
gradually hmitecl ; go that by the time it is wantcfl in tlm otlier boiler, a 
small addition to the fuel tpiickly raisci its tampt*rature, and it ig igtin 
forced in as before. 

The (juantity of -water in the boilers u»a8 aicertained by gmge emks. 
These were inserted at the top, Csee figure) iukI Jiiju'is sokmred to iliiun 
descended to different dt^pths. The principal boiler hid two of thi^se, ilie 
other but one. 

The general arrangement of this engine and the adaptation of its various 
parts to each otiior are admirable, ami could btrclly be improved. The 
obviously good workmanship — the improved form of tlm ritceiverK*— and 
the connection of these with the hoiloraand pipes, ami the latter with r^ficli 
other, hp coupling screws^ thus securing easy tcce«i to tlie vfilvi*«— tro 
highly creditalde to Havary and dm workman lie employ <‘fl. Kvary part 
was made of the bait matf^riitls. The cocks, coupling gcrewi, rf*gu!iitt>ri 
valves, and all the TiitH^i irnminliataly connactedwuh them, waraof brtii? 
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Joints melted ly Steam--Origin of Saverfs Engine. [Book IV 

perform what is re(^uire(3, that even those of the most ordinary and meanesi 
capacity may work it for some years without injury, if not hired or em- 
ployed by some base person on purpose to destroy it that is, by inat 
tention or design to permit steam to accumulate within the boilers till the^ 
were burst. Some device to prevent this was wanting, viz. a safety-valve 
or something analogous to it; and it is astonishing that he never though 
of such a thing, but permitted his machine for lack of it to fall into dis 

^^^he* miners could not be induced to adopt it, in consequence of th 
danger of explosion. “ Savery [says Desaguliers] made a great mam 
experiments to bring this machine to perfection, and did erect several 
which raised water very well for gentlemen^s seats, but could not succeei 
for mines, or supplying towns where the water was to be raised veryhigi 
and in grkt quantities; for then the steam required being boiled up t 

such a strength, as to be ready to tear all the vessels to pieces. 

I have known Captain Savery at York's Buildings make steam 8 or li 
times stronger than common air ; and then its heat was so great, that i 
would melt common solder, and its strength so great as to blow ope 
several of the joints of his machine ; so that he was forced to be at th 
pains and charge to have all his joints soldered with spelter or hard solder. 
Ex. Philos, ii, 467. . _ ^ ^ 

There has iDeen much discussion respecting the origin of this famou 
eno-ine ; some writers contending that it was wholly Savery's own, othei 
that he derived it from one of Worcester's, or from the Century of Ii 
ventions. Desaguliers asserts that Savery, to conceal its origin, bougl 
up all the Marquis of Worcester’s books that he could purchase in Pate: 
noster Row, and elsewhere, and burn'd 'em in the presence of the genth 
man his friend, who told me this." But as Savery denied being indebte 
to any one for it, and as lie was certainly a man of great mechanical geniu 
it is probable that the doctor was imposed upon by his informant. It 
not likely that Savery would have committed such an act in the present 
of a witness, when there was not only no necessity for one, but ever 
possible inducement for secrecy. Many years before the publication c 
this charge by Desaguliers (in 1744) the opinion was prevalent that tl 
machine was not original with Savery. In 1729 Switzer remarks, “ othe: 
say that the learned Marquis of Worcester, in his Century of Invention 
which book I have not seen, gave the first hint for this raising of water 
(Hydr. 325.) Dr. Hutton, in his Math. Dictionary, asserts, though on wh 
authority we know not, that Savery knew more of Moreland’s experimen 
than he was willing to acknowledge ; and Desaguliers maintains that 1 
invented the story of the experiment with the wine flask “ to make peop 
believe that he had not got the idea from Worcester's Century < 
Inventions." 

In reply to the above it may be remarked, that independently of tho: 
coincidences of thought that always have and will happen to inventoi 
there are circumstances which strongly corroborate Savery's own accoui 
In the first place, the experiment with the wine flask was one very like 
to occur in the manner he has mentioned, and to a mind like his wou 
naturally lead to a practical application of it. His thoughts, we are tol 
‘‘ were always employed in hydrostatics or hydraulics, or in the improv 
ment of water-works.” Then there is no evidence that he was much < 
a reader : had he been conversant with books, he would not have proposi 
the propulsion of vessels with paddle-wheels as new. These occurred 
him as they have done to thousands in every age when devising means 
increase the speed of boats ; and so it may have been with his steam n: 
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Chap. 8.] Modifications of Saver fs EM£;me, 

chine ; a device like it would naturally bo the result of ilio experiment 
with the wine flask, and even without U, wlum his thoii*j;'ht:s were once 
directed to raising water by steam. Moreover, Savery was ignorant of 
the safety-valve, the very thing %vanted to remove tlia most formidaldo 
objection to his machine ; and yet, as we have shown, he miglu have 
found it in some popular works on chemistry and distillaiioti,— besides 
which, Papin's improved application of it had b(?en publialuHl siweral 
years.* (The single maebine flgured No. 1D4 was erected by Bavery 
himself as late as 1711 or '12, ami it had no safety-valve.) 

But whether he derived the hint from Worcester or not, he is emitied 
to all the honor he has receivtah^ He was tlie first efle<!tually to introduce 
the device, and the first to publish a <l<*scn|)tion of it in detail. Hti con- 
cealed nothing, but, likts a 8ensi)»le and practical man, explained the whole, 
and left it to its own No one’s claims to a place in the history of 

the steam-engine were l)ett(‘r eiirmnl, whether he he considered the rdin 
ventor, or improver only of Worcimter's €8lh proposition. There are 
several points of re.sembhuim? in tlm characters of Savt^ry and Oliver Evans. 
By their energy and indoinimhle perseverance they forced their inventions 
Into public notice in spite ()f public apathy, and so worked their way into 
the temple of honorable fame. ^ Both publish(‘d curious pamphlets, that 
will preserve their names atul inventions from oblivion. 

But Savory's steam-engine do(»s not belong to tlie same family ns the 
modern one, nor can lie he said to have comributed to the invention of the 
latter, except so far as making his contempm-aries more familiar with the 
mechanical propenies of acjueous vapor. 'Tis true he employed this fluid 
in close vessels, and so far he miccemletl ; but Ins ideas seem to have liatm 
wholly confined to its uppli<u)Ltion to raise wat<ir, and in the most direct 
manner — ^lienee ho never thought f Ilmi he turned his attention to 

impart motion to one of tln^se, ht^ would Imvo left little fiir his suecessori 
to do ; but as it was, he did not lead engineers any nearer to the piston 
engine. He proposed to propel machinery by discharging the water ho 
raised upon an overshot wheel ; hence his |)arc»nt was ** for raising water, 
and occasioning mtition to all sorts of mill work." But this was obvitmsly 
an afterthought, an accidental result, ratlnjr than one^ originally deilgned 
or looked for. A piston and cylindt^r only could have givtni his machine 
a permanent place in tlie arli, tuther at a hydraulic or a motive one. Hii 
accomplished almost all that could he realized without them. The most 
splendid talents of tin? present tilings could have done litthi more. Ftpiri 
abandoned the piston and cylirnler, ami in doing so (|uenehed a halo of 
glory that would Iiave alione round his name for ever ; and Savory, for 
want of them, notwithstamling his ingenuity, perse veraricci and partial 
success, lived to see his diwice in a great meaaurti laid aside. SiivcTy 
died about the year 1710. 

As Savory's engine bticame known, aeveral additioni to and modificri- 
tions of it were proposetL A few of these may bo noticed — 

Drs^. Desaguliers and (iriivesande, from some experiments, concludi'd 
that ^ single^ engines w<tre more aoemomical than double ones— a single 
receiver being ** emptied three times whilst two gucceeding ones [of a 
double enginoj could be cunptied but once a piece." Of single enginoi 
Desaguliers erected seven between the years 1717 and 1744. "The first 
was for the late Czar, Peter I, for lus garden at Feterslnirgli, where it 
was set up. The boiler of this engine was splicrical, (as they muitall be 
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motion or the pressure of the atmosphere 29 feet high, out of a well, 
then pressed up* 11 feet higher. Another engine of this sort which ] 
up for a friend about five and twenty years ago, [1719] drew up the 
29 feet from the well, and then it was forced up by the pressure o; 
steam 24 feet higher,” &:c. But these “ improved ” engines differe 
reality but little from Savery’s single one. No. 194. Desaguliers furni 
his boiler with Papin’s steelyard safety-valve ; a three-way cock altern 
admitted steam into the receiver and water from the forcing pipe to 
dense it : in other respects the engines were much the same. Sa 
made no provision to secure his boilers from being exploded ; bul 
safety-valve was not always a preventive in former times, any more 
at present. “ About three years ago [says Desaguliers] a* man who 
entirely ignorant of the nature of the engine, and without any instruci 
undertook to work it ; and having hung the weight at the farther en 
the steel-yard, in order to collect more steam to make his work the qui 
he hung also a very heavy plumber’s iron upon the end of the steel-^ 
the consequence prov’d fatal, for after some time the steam, not being 
with the safety-clack to raise up the steel-yard loaded with all this 
sual weight, hurst the boiler with a great explosion, and kill’d the 
man.” Exp. Philos, ii, 489. 

In a double engine by Leopold, A. D. 1720, the receivers were p! 
below the water they were to raise: hence the principle of condens 
was not required — for as soon as the steam expelled the contents of 
ceiver, a communication was opened between the upper part of the ! 
and the atmosphere, so as to allow the steam to escape and a fresh si: 
of water to enter below. He produced a rotary' movement by dischai 
the water into the buckets of a water-wheel. 

When steam is admitted into a receiver, a portion is immediately 
densed by the low temperature of the vessel and the cold water vq 
so that not till a film or thin stratum of hot water is thus formed oi 
surface, can the full force of the vapor be exerted in expelling the con 
This waste of steam is not however so great as might be imagined, bei 
the water with which it comes in contact still remains on the suj 
having become lighter than the mass below by the accession of heat 
consequently preventing the heat from descending : yet various atte 
were made to interpose some non-conducting substance between the j 
and the water. Papin, as we have seen, used a floating piston. In 
Mr. Blakey, an enterprising English mechanic, took out a patent fc 
application of a stratum of oil or air. To use these he made some c< 
ponding alterations in the receiver ; but the advantages were not so 
as had been expected. Blakey also introduced a new boiler, cons: 
of tubes or cylinders completely filled with water and imbedded ii 
fire. It caused considerable excitement among scientific men, bu 
danger arising from them, and the explosion of one or more, caused 
to be laid aside. He spent several years in France, where he en 
some of his engines. He wrote on several subjects connected witl 
arts. There is a copious and interesting extract from his Dissertatic 
the Invention and Progress of Fire Machinery, in the Grentlemen's h 
zine for 1792, page 502. 

Other modifications of Savery’s engine were made previous to 
about Blakey’s time, of which no particular accounts are now extant 
his Oomnarlsio-ns of Fronoh n.nd Eno-lish Arts, ^artiolo Horolo/rvl B1 
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can say without pretending to prejudice anyone’s merit, that I never 
met with any French or English man who had so much ingenuity and 
knowledge in mechanical, hydraulic, machinery principles, &c, as Ri* 
vatz.” (Gent. Mag. 1702, page 404.) 

In 1734 M. Gensanne, a French gentleman, made same improvements 
on Savery’s engine, and by additional mechanism rendered it svlf-actmg. 
The alternate descent of two vessels of water opened and closed the 
cocks on much the same principle as that exhibited in Fliidd’s pressure 
eno-ine, page 354. (Machines Approuvees, tome vii, 222.) In 1740 M. 
De Moura, a Portuguese, accomplished the same tiling by the ascent and 
descent of a copper ball or float within the receiver; but the diwico was 
too complicated for practical purposes. It is figured and described by 
Smeaton in the Philosophical Transactions, vol. xlvli, 437, in the Supple- 
ment to Harris’s Dictionary of the Arts, and in other English works. In 
^766, Cambray de Rigny, an Italian, made some additions to Savery’s 
engine so as to make it in a gr(*at measure independent of manual assistance. 
Professor Francois, of Lau.sanne, having been consulual respecting the 
draining of an extensive marsh between the hikes Neuchatel, I^ienne and 
Morat, adopted a fire engine on Savery’s plan, and which ho made self- 
acting by a more simple device than either of the preceding. A descrip- 
tion and good figure of his machinti may be seen in the fourth volume of 
the Repertory of Arts, (1794) page 203. Nuncarrow’s improvement on 
Savery’s is described in tbc American Phil. Trausactioim, vol. i, 201), in 
Tilloch’s Phil Mag. vol. ix, 300, and in Galloway’s History of the Steam- 
Engine. An English patent was issued in 1805 to Janum .l^oaz, and an- 
other in 1819 to Mr. Pontifex, both for improvements on Savery’s engine. 
For further information sets the Repertory of Arts, Nicholson’s Journal, 
vol. i, 419, and the Journal (if the Franklin Institute. 

A commodious way of substituting tho action of fire instead of the 
force of men and horses to move machines,” was proposed in 1G99, by M. 
Amontons, ono of the earliest and most useful members of tho French 
Academy of Sciences. He named his macliine a fire mill. It n^semliled 
a large wheel, supported on a horizontal axis, but was composiul of two 
concentric hollow rings, each of which was divithul by partitions into a 
dozen separate colls. The small or interior ring was at a considerable 
distance from tho axis, and the cells communicated with each other through 
opening mad© in the partitions and covered by valviis or clacks. The 
cells of the exterior rings had no communication with <5ach other, but a 
pipe from each connected them with the inner one.H. Tlie outt^r cells 
contained air, and about one lialf of the inner ones contained water. The 
object was to keep this water always on ono sides, that its weight might 
act tangentially, and so causii the wluud to revolve, and the machine con- 
nected to it. A furnace was built close to a portion of the periphery, and 
the lower part of tho wheel was irnmt^r.sed in wattu% to a liepth c;(|nal to 
that of the exterior cells. When the fire was kindled, the air In tiu;s ctdl 
against which the flame impinged became randled, and, by nnnins of a 
pipe communicating with an inner cell hiimt} the fortunl this water 

contained in that cell into an upper one. This caused tliat side of wheel 
to preponderate, which brought anotlu^r air cell in contact with the fire, 
and the fluid becoming expamhul by the htnit forced up tln^ contents of 
another of the inner cells into a higher onti, as bt^fore : in this way every 
part of the periphery of tho whetd was brought in succt^ssion in contact 
with the fire, and the water in the irint^r cells ke|)t constantly rising on 
one side of the wheel, thus catising the latter to revolve. The air In the 


464 Newcomen and Cawley, [Book 

outer cells was cooled as tkey passed through the water in which 
lower part of the wheel dipped. 

This device of Amontons is rather an air than a steam machine, 
hardly belongs to this part of our subject; but as it may be consid( 
the type of most of the steam wheels subsequently brought forward, 
have been induced to notice it here. As a theoretical device, it is hi; 
meritorious, but as a practical one, of little value. There is in Martyn 
Chamberses abridged History of the Academy of Sciences at Paris, L 
1742, a full account of this wheel, and of the experiments from whi 
was deduced. (See vol. i, 69.) It was simplified by Leopold. 

Towards the close of the 17th century there lived in Dartmouth, a s 
seaport town on the English channel, two mechanics who combined ' 
energies to devise a machine for raising water by means of steam. 1 
names were Thomas Newcomen and John Cawley ; the first a blacksi 
but sometimes called an ironmonger, the latter a plumber and gla 
The circumstances that led them to the subject have not been recoi 
nor have the particular contributions of each been specified. Their el 
were however eminently successful, for to them belongs the hono 
having permanently established the employment of steam as a mecha 
agent. The date of the commencement of their efforts is unknown, 
from the observation of a contemporary writer it seems to have bee 
early as the first attempts of Savery. 

The principal objection of miners to Savery’s machine, viz. the ( 
mous force of the steam required, and the consequent frequent exph 
of the boilers, &c. was completely avoided by Newcomen and Caw 
for they used steam of little or no greater force than cooks do in .coin 
cauldrons — Whence it could never explode a boiler or endanger humar 
Savery’s engine had other disadvantages. It was required to be pi 
within a mine or pit, and in no case farther from the bottom than 25 ( 
feet ; whereas Newcomen and Cawley’s was erected on the surface, 
the mouth of the shaft. Moreover, in those mines which were p 
ously drained by pumps, it could be used to work these as before, wxl 
any additional cost for new pipes and pumps ; the engine in such cases m( 
superseding the horses and their attendants. Instead of applying s 
like Savery directly to the water to be raised, these mechanics made 
of it to give motion to a piston and vibrating beam, and through the 
common pump rods ; hence the device may be considered rather for 
parting motion to machines proper for raising water, than as one ol 
latter. 

It is in evidence that Newcomen had some correspondence respe( 
Tiis machine with Dr. Hooke, and that he was acquainted with what P 
had previously done. This however might very well consist witl 
idea of giving motion to a piston originating with himself or partner j 
as their labors were subsequent to those of the French philosopher, 
claims to it, if they ever made any, could not be sustained. Their mac 
in its essential features is a copy of Guerricke’s, and the mode of prodt 
a vacuum under the piston similar to Papin’s ; but as Papin did not 
ceed, the rSintroduction of a device similar to his, and its successful a 
cation to the important purpose of draining mines, belong wholly to tl 
and the merit of doing this was certainly much greater than can eve 
claimed for the abortion of Papin. Fulton did not invent steam h 
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and Newcomen had not lived. The spirit of inquiry that was abroad in 
their days, and the number of ingenious men engaged in devising means 
to employ steam as a motive agent, would assuredly have soon brought it 
into use. Indeed, every improvement in the application of steam seems 
to have been always perceived by some contemporary projectors, among 
whom the contest of maturing it was, as in a race, one of speed. “ Watt 
[observes Prof. Henwick] found a competitor in Gainsborough, and but a 
few weeks would have placed Stevens on the very eminence where Fulton 
now stands.’’ The circumstances of the times, the increase of English 
manufactures, and the general want of some substitute for animal labor, 
were all then favorable to the introduction of the steam-engine. *‘Had 
the mines of Cornwall been still wrought near the surface, Savery or New- 
comen would hai'dly have found a vent for their engines. Had not the 
manufacturers of England been wanting in labor-saving machinery, the 
double-acting engine of Watt would have been suited to no useful appli- 
cation. A very few years earlier than the voyage of Fulton [to Albany] 
the Hudson could, not have furnished trade or travel to support a steam 
boat, and the Mississippi was in possession of dispersed hordes of savages.** 



No* 100. Newcsomeo and Cawley*'* Engino., A. 1). 1700. 


466 Cmdensation ly Injection discovered hy chance. [E 

already noticed, will enable the reader to do justice to all concer 
will be perceived that although steam is an essential agent, it is 
primuni moUle of the apparatus : the pressure of the atmosphei 
first mover, and to excite this only was steam employed. 

A, in the figure, (No. 196) represents a vibrating beam witl 
ends or sectors, from one of which the main pump rod is suspenc 
chain. This rod descends into the mine or pit, and is connect 
many other rods as there are pumps to be worked. A counte; 
heavy weight m is fixed to the rod, so as to depress it and raise t 
end of the1)eam in the position represented, a, the steam cylinc 
at top, its sides being surrounded by another, and the space betW( 
containing water, r, the piston rod and piston, attached to the 1 
a chain, h, the boiler, c, gauge cock. N, safety valve with 
placed directly upon it. d, a cock to admit steam into the cylind 
pipe and cock to' convey the water round a, into the well or tank 
pipe and cock to supply cold water to condense steam in the cyli 
another pipe and cock to furnish occasionally a little water to tl 
side of the piston, to prevent air from passing between the pac 
sides of the cylinder : this water was kept at the depth of about tw 
^ a pipe proceeding from one of the pumps in the pit to supply 
cistern with water. a pipe to convey the steam condensed 
into the tank o. w the ash pit. x x, flues round the boiler. 

Fire being applied to the boiler and steam generated, the c 
opened and the cylinder filled, with steam, provision being mad 
escape of the air previously within, d is then closed and f op 
which cold water from the cistern is admitted to flow round a t 
denses the vapor within, and a vacuum being thus formed under tl 
the latter is pushed down by the atrnosphere ; consequently the 
end of the beam is raised, and with it the pump rods and the load 
with which they are burthened. f is now closed and d agaii 
when the counterpoise m preponderates, the piston is raised, the 
again filled with steam, and the operation repeated. But previc 
admission of vapor the second time into the cylinder, the cock/ 
and the one on pipe e opened, to allow the water between the 
to escape into the tank o, this water having become heated by ii 
with As soon as the cylinder is charged anew with steam 
supply of cold water to condense it is admitted by again opening 
The amount of force thus excited depends upon the diamet 
cylinder or the area of its piston, and the state of the vacui 
under the latter. The dimensions of a must therefore be propoi 
the resistance to be overcome — to the quantity of water to be ra 
a mine, and the height at which it is to be discharged — and to r 
engine of the kind effective, the whole of the steam in a should 
densed, and as quickly as possible. These conditions were not ' 
fulfilled by the apparatus as figured above. Time was req 
the cold water between the cylinders to extend its influence froi 
cumference to the centre of the inner one, in order completely to 
the vapor ; hence the movements were extremely slow, the strok 
exceeding seven or eight per minute. An accidental circumstanc 
out the remedy, and greatly increased the effect. As the engin 
work, the attendants were one day surprised to see it make sever 
much quicker than usual ; and upon searching- for the cause, th 
says Desaguliers, ** a hole in the piston which let the cold wa 
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most instantaneously, and produced a vacuum with far less water than 
when applied to the exterior of the cylinder. This led Newcomen to 
remove the outer cylinder, and to insert the lower end of the pipe f into 
the bottom of a, so that on opening* the cock f a jet of cold water was 
projected through the vapor. This beautiful device is the origin of tlie 
injection pipe still used in low-pressure engines. 

Newcomen and Cawley’s engine, as figured page 465, was improved in 
several parts in 1712, and soon after adopted as a hydraulic machine foi 
draining the coal and iron mines in various parts of Europe. Very 
elaborate engravings of some used in French mines may be seen in the 
folio edition of Arts et Mdtiers. See also Desaguliers^ Ex. Philos. voJ. ii, 
and Switzer’s Hydrostatics. 

The application of sectors and chains to pump rods did not originate with 
Newcomen. They are figured by Moxon, and were probably employed 
in working pumps in mines previous to the invention, of the steam-engme. 

We have often thought the heaviest charge against Savery was to be 
found in his conduct towards Newcomen and Cawley. Their machine 
was essentially different from his in its principle, construction and modo 
of action, yet he insisted that it was an infringement upon his patent. He 
employed the pressure of the atmosphere in charging his receivers, by 
condensing with cold water the steam within them. So far as regards 
this mode of forming a vacuum, (ho in his receivers and they beneath a 
piston) there is a resemblance between the two machines, but no farther ; 
and this plan of making a vacuum was not original with him any more 
than with them. It wo.s no more a new device in his time than his paddle 
wheels were. The object of Newcomen and Cawley in forming a vacuum 
was also quite different from his ; for tliey did not raise water into the 
vacuity, but employed it solely to excite the pressure of the eitmosphere 
upon the upper side of a piston, in order to impart motion to common 
pump rods. Again, he used the expansive force of high steam : this was 
the prominent feature in his machine, and the great power that gave effi- 
ciency to it ; but they did not use this power at all. The weight of the 
external air, not the expansive force of steam, was the primum fnoMle in 
their machine, and it was brought into action by the vapor of water at the 
ordinary boiling point. 

But as they formed a vacuum in their cylinder by the condensation of 
steam, he insisted on having a share in their patent I The fact was his 
machines had become in a great measure laid aside, and he doubtless per- 
ceived that they were destined to be wholly supersedtul. Beaaguliers 
(in 1744) observes that the progress and improvement of the fire engines 
were stopped by the difficulties and dangers attending it, till Newcomen 
and Cawley “ brought it to the present form, in which it is now used, and 
has been near these thirty years.” Unless his name was included as a 
joint patentee, Savery threatened an appeal to the law; and it is said his 
influence at court, as commissioner for the sick and wounded, gave weight 
to this ungenerous and unjust demand. Newcomen wo are informed was 
a Quaker, or like Cawley a Baptist, and therefore on principle averse to 
legal controversy : ho was moreover a man of a great deal of modesty,” 
and so yielded the point. The patent was consequently issued (in 1705) 
*‘to Thomas Newcomen and John Cawley of Dartmouth, and Thomas 
Savery of London.” 

Another point has been generally overlooked : so far from Newcomen’s 
machine being an infringement or improvement u pen Savory’s, it was really 
invented as early if not earlier than the latter. Switzer (Savory’s friend) 
says, “ it [Newcomen’s engine] is indeed generally said to bo an improvo 
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ment to Savory’s engine, but I am well hform’d that Mr. Newcor 
as early in his invention, as Mr. Savery ivas in his, only the latte 
nearer the court, had obtain’d his patent before the other knew o 
which account Mr. Newcomen was glad to come in as a partner 
(Hydrostatics, .342.) That is, as a partner to his own invention. 

To Newcomen and his associate belongs the honor of laying th 
ation for the modern engine. The piston engine of Worcester h 
forgotten, Papin’s was an abortion, ,and Savery probably never the 
one; hence, whether the Dartmouth mechanicians were aware of 
vious employment or not, to them a large share of merit is jus 
They were moreover amiable and unassuming in their manners, a 
to have passed through life without exciting much of that envy t 
bitters more or less the nights and days of successful inventors, 
such men, who can withhold expressions of approbation and esteer 
they been members of the Roman church, they should have been a 
— could we believe in the efficacy of prayers for the dead, we woi 
masses performed for the repose , of their, spirits — -and had we the 
every contributor to useful mechanism should be commemorate! 
apotheosis. 

Cawley died in 1717, but the date of Newcomen’s decease 
been ascertained. 


4 


CHAPTER IX. 


General adoption of Newcomen and Cawley’s engine — ^Leopold’s machine— Steam applied 
of general machinery— Wooden and granite boilers— Generating steam by the heat of the su 
Green-houses and dwellings heated by steam— Cooking by steam— Explosive engines— Vape 
English, French and American motive engines — ^Woisard’s air machine— Vapor of mercury 
gases — Decomposition and recomposition of water. 


Newcomen and Cawley’s engines were found to answet* the 
of raising water so well, that in a few years they were introdn 
Russia, Sweden, France and Hungary ; jind about 1760, one was i 
by the proprietors of the old copper mine near Belleville, New 
They in fact imparted a new and very beneficial impulse to miiiin 
tions, and quickly raised the value of mining stock. Deluged woi 
recovered, old mines deepened, and new ones opened, in various 
both in Great Britain and continental Europe : nor were they coi 
draining mines, but were employed to raise water for the use c 
and cities, and even to supply water-wheels of mills. . By exci 
attention of ingenious men to their improvement, they became thi 
of extending manufactures generally, and introduced one which h? 
before been known in the world, viz. the fabrication of motive en^ 
manufacture upon which the wealth, power and happiness of nat 
destined in a great degree hereafter to depend. 
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Leopold, to whom we have frecjuently referred, reflecting on Papin’s 
experiments, suggested the following application of steam to move pistons 
and to raise water : — 



No. 197. LoopoW’s High I'ressuro Engiue. A. D. 1720. ■ ' 

Two Steam cylinders, open at top and provided with pistons a were 
placed over the boiler c, from the upper part of which a four- way cock.<i 
admitted steam alternately into the bottom of each. The pistons were 
connected by inflexible rods to the ends of two working beams, and to the 
opposite extremities of the beams were connected, by similar rods, the 
pistons y* ^ of two forcing pumps, whose lower parts were placed in the 
water to be raised. An attendant turned the plug of the cock to admit 
steam under one piston, whicli was pushed up by the expansive force of 
the fluid, and consequently the piston of the pump connected to the same 
beam was forced down, and the water in its chamber driven up the rising 
main L The cock was then turned to admit steam into the other cylinder, 
whose piston was raised in like manner ; at the same time one passage of 
the cock opened a communication with the interior of the first cylinder 
and the external air, so as to allow the steam within to escape. — (See the 
figure.) 

This is the first high-pressure piston engine figured in books. It has been 
greatly admired, and yet as represented it is useless and impracticable ; 
for when the steam pistons were once raised the whole would remain im- 
moveable, there being no means for causing them to descend. Had Leo- 
pold used one beam inetead of two, and placed a pump and steam cylinder 
under each end, the device would have oeen complete and very efiective. 

It is singular that the researches of Leopold had not made him ac- 
quainted with the fact that four-way cocks were used long before Papin, 
to whom he attributes them. 

With this device of Leopold, wo take leave of steam machines. Hitherto 
they had been employed ordy to raists water, but the period was now ap- 
proaching when the agency of this fluid as a first mover of machinery in 
general, was to become indefinitely extended. The engines of Newcomen 
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and Leopold were tlie links which eonnec^tinl ^ 

opened the way for the introdncU.-n oi the < «v-wWl. ^1 

changed completely the character <d tlie << < ‘ ‘ 

and Savery’s, Newcomen’s <!ngine rmjmrct i le ^ * otis .nn iitientiuii ol 

attendant to open and close the oxdvs ; hot a m>_\ ii.» .it i ottfi emplo 

in this service! stimulated l.y the love ot ay. .mfn.o.Hly a. .h,l 
the levers by which the cocks were turned, ami e..nuft i,„.. tlie tnherr 


me levers uy wmuu uu; ' 

of the cords to the moving beam, rentier.-.l the in n !nn.< seU-ariuig, 


OI me COrUb l.u tut: ^ ^ --n* 

thus acquired opportunities of joininf^ his spordve 
to his employers. Iron rods were soon alter suhaitiUcd l.ir the ctirds 
Beighton, and finally Watt anil (hiinshormigh, {Ior(,hiuw,.r, Kvaus 
Trevithick, &c. appeared and made the steiun-eiigmi) the great pr 
mover of man. 


A few siibordinaU^ deviot's rtdating to filimiil iiM«l niaj | 

be noticed. There in in Sr.nart’n AntHnit>r«w iiti h«li»ririil note reM|wc! 
wooden boiku’s, in which waiter is hcafunl by Intuimm or jliicH wi- 
them. They are traced back to Hkk’l. It way b«i to sc 

readers to state, that they were in U’le in the priH-rdiiig r.ini!ury» iui«l ; 
the device in all probability datir.H troiu rv**ji a reinMfi' pin*{«?ih T 

are described in wesner'a “SecrefH id Plu^at-k*^ sind lu 

English translation of 1590, by Jiak'cr, t*» wbe-li idfi^utly lyui 

course, they are twice figured, and ibun ? A wntnltui Innvli 

tubbo of a suffickuit comj>aHse an<l iivi r; iii flie iind«h»*i of wl 

tul)be erect and stu. from the bottiun tmfo dio t*df*o Mr brinki’ of tin* m 
or rather above it, a grtnit copptu' vesfad, ni th*^ !• trine id a liiiHow’ p} 
Let a parte of the copped {)ype tti ?iUi It nort iitid fiiiitimir, t 

the water be contaiiHul biawiuuH^ thti «ujt bimnl wiitl of the pype triil 

parte within (d‘ the tubbe : But wirhhi tllai pario of fho pypii wliich 
scandeth by the bottome <d‘ the tuldie, h^t tire br pyi fnid kind knl, for 
heating of the water,^' F(dio25. Tim {liird p-iri *4 <liisiihof*fi Tri».& 
Philosophical Furnacea also relaien li* wotidiyi in which lk|i 

wore heated by a copper rtJtort |i!i«Tr!ti in a lire, tiinl whom* neck wti 
sorted in the lower part td* the iioiler, ihr l3*|yi*l r.irri.ilaiiiig ilirongh 
retort. Eng. Trans, by Dr. Friutitb, Lniolon, Ib/i'i, 

We have beem informinl that an pfrimi bwilrr for t« atn 

phoric engine was in use many years ago at m rM|i|»er inino near IWn 
ni Cornwall, England, which was tnnii|iti,pir4 eiitindy of liirgf hlmiks 
granifr, or ** moor ston4^” The \%*iiter wm braird f»y ii fiinticti fi 
which iron pipes irav(trs<yl hackwanbi ntsd ibi-i^ ai’d-i ifi litti waler. 

The old clunnists ofiiui boiled lit|intk by ihii liritf, mnl t %¥ril«i 

the London Miiga’/ane ibr 17fdJ pri-ipo»i,ril in fi’iiiiisiimo iho itdar rayi- 
common fires in heating steanMuigim* b*iilrr?i, %'i 4 . by nillrrlifif llti «|i 
a focus “by means cd'a eomimin burning' glu'ss, ,i.o* m eoneavt! rtfiteti 
mirror of polished miUal, <»r pi»r!mps more r .«:o»y«^s}i*oifiy by iImi niiwlj 
vived method of Andiimetles,whu*!i by fbrM%%-io.,^ ihr fbt’lil |Li»i iwagrti 
distance may be capahhi <d* many a»{vstiiiTigp% ili;a iho iif|»«rt lit? <i rie 
He anticipates three objeetioim :~l . ••‘Thr bim-, mil! ¥ 4 ry wiili ilwiroei; 
of the sim.'* To obviate this he fM irimko liio ifiiWiik 

by machinery attackul to the mignie y. *' Tlir iniremif liiiiltif! 

focal point/’ Ii this should be t«iri it ii 4 ;iy be hj i 

larging the focus. 3, “ The sim due.« ipii r.,n.ro,!l'V ‘ — iliertftol 
engine must stop. This objection, lie wtiiiiki, is* r.rmmpm to wiiiil, ti 
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and other mills ; and he thinks in the hot months, at least, a steam-engine 
might be made to raise by the sun’s heat water enough from a well to 
replenish fish ponds &c. as opportunity served. thought 

that solar heat will yet supersede artificial fires to a limited extent in raising 
steam as well as in numerous other operations in the arts, especially in 
places where fuel is scarce. It is a^ more legitimate object of research 
than one half of the new projects daily brought forward. 

The mode adopted by Watt for supplying water to his boilers l)y means 
of aijioat attached to a lever, and so arranged as to open and close a valve 
in an adjoining cistern, was not invented by him. It was employ<Hl by 
Mr. Triewald, the Swedish engineer, in 174-5, in his apparatus for commu- 
nicating heat to grecn-housos by steam, and. is described, with a figure, in 
the London Magazine for 1755, p. 18 — ^21.^ 

Heating green-houses by steam is mentioned by an English writcu* in 
1660. Rivius, in 1548, speaks of eoiipilea being employed to impart an 
agreeable temperature to apartments in dwelfnigs. Col, Wm. Cookes 
Method to warm rooms by the steam of hoilitig water, is described, 
with a cut, in the G-entleman’s Magazine for 1747, p. 171. A boiler was 
to be heated by the kitchen fire, and tlui steam pipe to ascend through one 
tier of rooms, and descend through another, travei'sing hackwarda and 
forwards in each room according to tin? temperature reepnred ; the escape 
of the condensed and waste steam bcfmg rtigulated bjr a cock. 

A patent for cooking by su^am was taken out in England by Mr. How- 
ard in 1793, He named his apparatma pneumatic kitchen.’^ Repertory 
of Arts, vol. X, 147. 

There are two other classes of motive machines that we intended Imre 
to notice in some detail ; but as they have not come into general use, and 
this volume having already nearly r43ached its prescribed limits, a lirief 
sketch may suffice. The origin of moat of tliem rpay be traced to atuunpts 
to supersede steam by more portable fluids; or such as re(|uire less fu(d to 
generate. We allude to cxjHOsive and to vaj)or engines. Of all the devices 
to which the steam-engine has given birth, none possess greater inti^rc^st 
than these. Some were desigtuul to raise watc5r directly, and all of tluun 
indirectly. The first class are named from the force by wluch they act 
being developed by the firing (gimerally under plston.s) of (explosive com- 
pounds. These are either concrete or adriform substances, as gunpowder, 
a mixture of hydrogen gas and common air, ^Hcc. Those of the sticond 
class are similar to steam-engines, except that they are workiid by elastic 
fluids evolved from volatile li<piids, or such im pass easily and at low tem- 
peratures into the afiriform smte, as alcohol, ether, &c. 

Explosive like steam engines have hmm made to act in two differisnt 
ways, according to two opposite projierties or tdfects the exploded sub- 
stance — the expansive force developed, and the vacuum or partial vacuum 
which succeeds. For the purpose of explanation, suppose two large wr 
peating guns or muskets, provided with small chargers of paw<hir only, to 
be secured by a frame in a perpendicular position, with thtur muzzles up- 
wards, and three or four ftiet apart. Directly over them l(‘t there be 
adapted a working beam, somewhat as in the last figure, suHiNnided on a 
fhlcrum at an equal distance from mich, Buppose the ramrods placed in 
the barrels with their buttons or plugs so made as to fill tlie bore, and 
work air-tight like the piston of a syringe or pump. Let the upper ends 
of these rods then be connected by a bolt to the ends of the beam, which 
should be at such a distance above the muzzles that when the plu^ of one 
rod is at the bottom of its barrel, that of the other may be just within the 
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muzzle of the other barrel. Now let that musket with whose hree 
plug of its ramrod is in contact be first fired, and the rod will insta 
forced like a bullet up the barrel, and by its connection with the 
will cause the other rod to descend. The musket in which this k 
moves is then in its turn to be fired and the^ rod forced up in the sam 
Thus the operation is continued. The reciprocating motion of the 
is converted, if required, into a continuous rotary one by means of ? 
or some analogous device. 

Engines on this plan have not succeeded, nor is there any prol 
of their success. There are apparently insuperable objections tc 
but which need not here be detailed. The explosion of gunpowc 
therefore been more frequently employed to produce a partial vaci 
a cylinder when its piston is raised, in order to excite the pressure 
atmosphere to force it down. Suppose one or more openings, cove 
valves or flaps, were made near the upper ends of the muskets mer 
above, i. e. just beneath the pistons or plugs of the ramrods when 
highest point in the barrels, and the powder exploded when they 
that position : the sudden expansion would drive out through the 
most of the air previously in the barrel, the valves would instantly 
and the atmosphere would push down the rod and thus raise the 
which in its turn might be caused to descend by exploding the i 
under it, and so on continually. Instead of openings in the cylind 
the escape of the air, some experimenters have made large openi 
the pistons and covered them with flaps, (like the suckers of cc 
pumps) so that when the explosion ceased the flaps closed and pre' 
the air’s return. Others have used solid pistons and removed the h 
of their cylinders, and covered the openings with leather flaps 
operate as valves and give a freer exit to the air and heated gases, 
was the plan adopted by Mr. Morey. Papin used hollow pistons, 
vacuum produced in this manner by gunpowder has a;lways bee: 
imperfect. Instead of obtaining a pressure of 14 or 15 pounds on th 
Papin could not realize more than six or seven. 

Gunpowder has also been applied to raise water directly, by exp 
it in close vessels like the receivers of Savery, with a view to expe 
contents by its expansive force, and also to produce a vacuum in oi 
charge them — ^but with no useful result. 

Explosive mixtures, formed of certain proportions of an inflair 
gas and common air, have been found to produce a better vacunr 
gunpowder ; for a volume of air equal to that of the gas used is dis 
from the cylinder by the entrance of the gas previous to every exp 
and when this takes place nearly the whole of the remaining air is ex] 
As yet, however, the best of explosive engines have had but an ephe 
existence. Besides other disadvantages, the heat generated by the 
attending the explosion expands the air that remains, so as to dii 
considerably the effect. 

Of vapor engines, the most promising at one time were those in 
the moving force was derived from ether and alcohol. The former 
at about blood heat, or 98^ of Fahrenheit’s scale, and the latter at 
while water requires 212^. The vapor of alcohol, it has been s 
•exerts double the force of steam at the same temperature ; and if to 
be conceded that the same quantity of fuel produces equal temper 
on both alcohol and water, then the former would seem to be more « 
mical than than the latter. Moreover, in consequence of the diflerer 
cific gravities of water, alcohol and ether, the cost of vaporizing 
volumes of each varies in a still greater ratio than their boiling po; 
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this cost being as the numbers 11, 4, 2 — thus making the scale preponde- 
rate still more in favor of alcohol and ether. Why then, it xnay l)e asked, 
have they not superseded water % Principally because the different vo- 
lumes of vapor from equal quantities of the three licpiicls turn hac.k the 
scale in favor of steam. A cubic inch of water affords 1800 cul)ic inches 
of steam, while a cubic inch of alcohol produces about COO and eilun* only 
300 inches; hence the expense of producing equal volufties (if vapor (and 
that is the main point) is actually in favor of steam. It has thered'ore bt‘en 
deemed more economical to use this fluid than the others, even if they 
were equally cheap — to say nothing of the danger arising from such an 
employment of highly inflammable liquids, and the practical difHcultios 
attending their application. 

In 1791, Mr. John Barber obtained a patent for an explosive motive 
engine : he used gas or vapor from “ coal, wood, oil, or any otlusr com- 
bustible matter,” which he distilled in a retort, and mixed with a proper 
quantity of atmosplieric or common air.” See llepertory of Arts, vol. vih, 
371. Another patent was issued in 1794 to Robert Street, for an “ in- 
flammable vapor force,” or explosive engine. Ho cxj)loded spirits of 
tar or turpentine mixed with common air under a piston, and forced it 
entirely out of the cylinder, into which it was again returned (by its own 
weight) and guided by grooves in the frame work. Re|)ertory of Arts, 
vol. i, 154. In 1807, a patent was granted in b*’rance to M. De Hivir/, for 
another, in which hydrogen and common air wer<i mixiul and (‘xplodtni. 
I)e Ilivaz mov<Ml a locomotivti carriage by powtn- thus d(‘riv(‘d. 
He also inflamed tlu^ gaseous mixtunj by the electric 8^)ark. Dr. Jones, 
in 1814, made experiments on anotlun*. Bee Journal of th<^ Franklin In- 
stitute, vol. i, 2d aeric^s, j)u.g(^ 18. Mr. Cecil, in 1820, published in the 
Transactions of the Cahmrldge l^hilo.sophical Society, (Eng.) a d(?scription 
of an explosive engine of considerable merit. 

In 1825, Mr. Brown, of London, patented his pneumatic or gas vacinim 
engine, llio very sanguine cx{)octation8 it excited have now died away. 
It is figured and (iescrilxul in too many works, both Knglisli and Am<iri- 
can, to require ins<srtion here. In 182G, Mr. Morey, of Nttw IlampHlfire, 
patented an explosive engines, and soon after <ixhibite<l a largtJ working 
model in this city, (New York) which we took sevttral onportunitioH to 
examine. The piston rods (d* two vertical and open cylinmn-H wc*re c:on- 
nected to the opposite ends of a viljrating beam. Th(5 pistons were made 
of sheet copper, in the form of plungers, about nirui inelH^s diameter, and 
were made to work air-tight by means of a strip of oiled listing or cloth 
tied round the upper (mds of the cyliruh?rs. This was all the packing. 
Mr. Morey employed the vapor of spirits of turptmiine and common air, 
A small tin dish contained the spirits, and the only heat he used was from 
a common table lamp. By means of a crank and fly-wheel a rotary move- 
ment was obtained, as in th(5 Bteam-enginc. 

A singular device for making the atmospheric changes of ternperiuura 
a means for raising water, was devised by M. Woiaard. It consisttal of 
two vessels, one above the otlier, connected by a tulrn. The h>wer one, 
having a valve in its bottom, was placed in the water to Im raised. The 
upper vessel was cixposed to the sun^s heat, and within it was a hag or 
small balloon containing air, and a little ether, or other volatile li(|uich 
As the atmospheric temperature falls, the balloon will dimininh in hulk, 
the surroundit.-g air will t)ecorne rarer, and the Avatiu* w^ill iniro<luce itself 
into the machine through the valve ; and when the tmnperatiire again 
rises, the pressure exerted within the machine by tht^ increasing volume 
of the baPoon, will cause the excess of water to flow out.” Witli the ex- 
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ception of the ether, this device is a modification of the air machine 
174 and 175, figured at page 380. - 

The vapor of mercury has been tried as a substitute for stea 
without much success. ^1 his metal boils at 660*^. 

Another source of power has been sought in the tremendous fore 
which the liquefied and solidified gases expand at common temper 
Liquid carbonic acid, at the low temperature of 32^, has been fo 
exert a force equivalent to thirty five atmospheres ! and every inci 
of heat adds to its energy. No very practical mode of employh 
force as a mechanical agent has yet been matured. 

The alternate decomposition and recomposition of water has als( 
suggested. By decomposing this liquid by galvanic electricity, c 
and hydrogen gases are produced in the exact proportions in whic 
combine in water. If these gases be made to occupy the interic 
cylinder when the piston is raised, and the electric spark be then 
through them, they instantly become condensed into a few drops of 
and an almost perfect vacuum is the result, when the atmosphere 
the piston. The water is then to be reconverted into its constituent 
and the operation repeated. See “ The Chemist,” for 1825. For 
and more recent information respecting motive engines, consult tl 
pertory of Arts, Hebert's Register of Arts, London Mechanics’ Ma 
and the Journal of the Franklin Institute. 
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BOOK V. 


novel devices for raising water, with an account of 

SIPHONS, COCKS, VALVES, CLEPSYDILE, &c. &c. 


CHAPTEK I. 


SuDjocts treated in the fifth book — Lateral communication of motion— -Tliis observed by the ancienti — 
Wind at the Falla of Niagara— -The trombo deacribod — Natural trombos — Tasting hot liquids— Water- 
spouts— Various operations of the human mouth — Currents of water — Gulf stream— I,.nrgo rivers — Ad- 
ventures of a bottio— Experiments of Venturi— Expenditure of water ftom various formed ajutages— 
Contracted vein— Cause of increased disobarge from conical tubes — Sale of a water power— llegulaiion 
of the ancient Homans to prevent an excess of water from being drawn by pipes from the aqueducts. 


In tliis book we propose to notice some devices for raising water that 
are either practically nseful, or interesting from their novelty or the prin- 
ciples upon which they act An‘ account of siphons is added, and also 
remarks on cocks, pipes, valves, and other devices connected with practical 
hydraulics. 

A fluid moving in contact with another that is comparativtdy at rtmt, 
drags along those particles which it touches, and these by their mutual 
adhesion carry their neighbors with them ; the latter also communicate 
the impulse to others, and these to more distant ones, until a large mass 
of the fluid on both sides of the motive current is put in motion. Whatever 
may be the process by which this is effected, or by wbaKwer name the 
principle involved may be called, (lateral communication of motion or any 
other) there is no question of the fact. The operation moreover is not 
confined to any particular fluid, nor is it necessary that the one moved 
should be of tlie same nature as the mover : thus air in motion moy<m 
water and other liquids as well as air, and atjueous currents impart motion 
to aCTiform fluids as well as to standing waters. A stream of wind from 
a bellows bears with it the atmospheric particles which it touclu^s in its 
passage to the fire — i. e. it sweeps along with it the lining of the aerial 
tube through which it is urged. Blowing on a letter shetst to dry ihi) ink, 
or on scalding food to cool it, brings in contact with these substances 
streams of other air than what issues from the thorax.*^ The operations 
by which the man in the fable blew bot and cold “ out of the Btmm mouth 


» Does not the samo principle perform an important part in respiration t— fit© lungs 
not being wholly inflated by air directly in front of the lips, wher© jpiittolw of w&t 
previous^ exhaled might itill linger, but also by currents flowing in from all sides of 
the mouth or nostrils. 
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may here be explained : in the first case the hollow hands cl 
passed the mouth and received the warm air from his chest ; 
txis food was at a distance from his lips, and consequently thi 
breath was absorbed by the surroiuuling air and that whicl 
along with it to his soup. 

A blast of wind din^cted over the surface of a placid pone 
only creates a current on tlu^ latttir, but sometimes bears aw? 
water with it. A vesstd sailing imfeu-e the ^dnd is aided ii 
though it may Ix^ but slightly, by the rupiid current prod 
oceatfs surface. Storms of wind long continued heap up tl 
the mt>uths of riv<‘rs, atui causcj tluuu to ovc^rflow their bank 
tides ofttm result from the same agemt driving the ocean awa 
<iir( 5 crions. These <dlects of wiiul were observed in remote 
raiHelh (lu^ stormy wind whitii lifttuh up the waves.'^ The 
was ** <lriv<‘u buck ” by wind, so that ** all th<^ Israelites passes 
grmnul.” l^y its agtmcy, a passage for the same people 
through tlm lied Stnu “ Aud Mtsses stnUr.lujd out his hatid 
and the Lt»rd caustnl tint stui to go bac'k, hj/ a strong east i 
night, arul mad<^ the s<‘a dry land, and the waters were divid 
xiv, 21. 

On the other hand, rivers mu! watt?r-fall.H bear down imme 
of air with them. Strata of this fluid on the surfaces of rapi 
(|uire a velocity tupntl io that of tlu^ latter, and in some plac 
rents thus prtulucetl are very Hensildts At Niagara they art 
drive mills or supply blasts for a hmg line of forges. In 18; 
<*tmding the path on tin* Oatiadian uuUu Ui order to pass und^ 
(bute, we (Uitcnal suddtuily into one of thost^ invisible curre 
Tabh* Itock, mul wen* nearly pnistrattal by it.. It is the asc 
loadetl with mlnur<^ parti<th*H td* water, (wluch are borne uj 
saim* manmu’ that it is itself carried dtxwn) that contributes 
tion t>rihe solar and lunar rainlujws set*n at the great North . 
other cataracts. Ileav^y raitis iumigtlenva cuteans of air, and 
bellows, (»r tromhe, blasts of wind are produced on the sa 
Could we mr the air brtmghl <luwn by heavy showers, wo 8 
it reboumrmg tnnti the earth, something liktt smoke when t 
a wall or any oth<!r plane surface*. 

As the* troinbe iilustrates this part o1 
a figure of one may as wtdl !h. 5 given. 
<liichitTge*s water from a rt^servoir into a 
cjn the* vertical tn\m C. 'Fhe end of 
in tlie fuuiud, and o|ipoHit.e to it i« ms 
ofopemings in i\ t wo of which are aht) 
Tht* hiwer eutl of C’ toilers the cdoso i 
diseliarges its eonfeiits on a stone p] 
untler it. Ai fire water ffijm A passe 
lirawH air along wiili if, ilirougli the lop 
and also fhrotigli the lioles in the up| 
As the liquid dii-ihiLS against the stone, 
rates mul risert to the lop <if the veisel 
forceti by Hucc'esnive volumes tlinmgh 
wliile die water r*i!tt‘cts at the liottem 
by a regulalifig valve or cock. Tliis r 
be |ienadvi*d is ii inirfiaftire imitation c 
tunfs operatioiri ; f*»r riiscades, water- 
heavy fciiow'ers of rain, are all niitural ^ 
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The trombe is of considerable andquity.^^ It was known to Heron, and 
,is referred to inPliny^s Natural History.^ Kircher has given several figures 
of it. See tom. i, 203, of his Miindus Subterraneus, and tom. ii, pp. 3io, 
347, of his Musurgia Universalis; in which last work ho shows its appli- 
cation to supply wind to organs, and^ by discharging the water from the 
bottom of the vessel upon a wheel he imparted motion to the keys of those 
instruments. See also Phil. Trans. Abridg. vol. i, 498. 

Liquids raised by currents of air may bo illustrated by operations in 
common life. Whenever water in a well 'settles to a level with the orifice 
of the pump pipe, air rushes in (on the ascent of the sucker) and sweeps 
up with it portions of the litpiid in the form of dense rain. On the same 
principle people are enabled to taste scalding liquids. The next time the 
reader sips hot soup, or tea, or coffee, he will find himself involuntarily 
keeping the edge or rim of the^ spoon or vessel a short distance from his 
mouth, and protruding his lips till the upper one projects a little over the 
edge : then drawing in his breath, the entering air ri^yphs the? surface of 
the liquid, and by its velocity bears broken portions along, precisely like 
the pump just mentioned. The li<iuid particles being thus mixtuf with 
comparatively large volumes of cool air, are so reduced in their tempera- 
ture as to be received without injury and without inconvenience.^ 

Water-spouts appear to be cliarged in much the same way, whatever 
may be the active agent in the formation of these singular plumormma ; for 
the sea immediately under their orifice has oftim been olisi^rved to l)ub!)le 
or boil violently, and rise into the spout in disjointml masst's. 

A stream of water directed into or through a body of the same liquid, 
also communicates motion to thosi^ particles of the latter that are in contact 
with or adjacent to the current. Examples of this arts furnished in several 
of nature^s hydraulic operations. That constant oceanic current produced 
by the trade winds is one. It sweeps round the globe, but is dtdlected 
and divided by the varying <;on figuration of the lands that lie in its way. 
Under the torrid 55onc, it paasses through the Pacific and Indian oceans, 
whirls round the southern point of Africa, inclines to that continmit in 
again approaching the (ujuutor, then stretching across the Atlantic is di- 
vided by the South American coast — one part turning northward to thes 
Gulf of Mexico — thence this last division issues as tluj (h/If and 

being turned in an easterly dinictlon liy the coast of thes Unit(;d Statens, it 
bears away past the banks of Newfoundland, and extimds its infiiumce to 
Ireland, Iceland, Norway and the North Hea. This mighty current not 
only draws with it the li<pud (diannel through which it flows, but the ocean 
for leagues on each side is carried along with it, or follows in its train; 


» Some of the operations of the mouth are <loH<‘rvi«g of prtrtimdnr notice. They will 
be found to elucidate several philosophical principles, unci attention to them would cer- 
tainly have enabled inventors to Jiuvo anticipfited many useful discoveries. We have 
in a preceding book observed tiiat the mouth is ofhm employed as ii forcing pump in 
ejecting liquids, and as a tucking one when drawing them through tiphons, or through 
simple tubes. We have jutt teejm how it raises hot liqnidt hy drawing a stream of air 
over them, and machinet on the iiime principle have been made to raise water. It ii 
often used as a bellows to kindle fires, imd every body employt it to co<)l hot victuali 
by blowing. It even acts as a ttove to warm our frosieii fingers, i»y giving out heated 
air. Many make a condensing air-pump of it, to fill bladders, ttirdxuls and air-pillowi ; 
some make an exhausting one of it, and in all it acts continually m both in respiration. 
How often does it perform the part of a fife, an organ, or a whistli*, to produce inuiW f 
— of an air-gun to shoot bulled and arrows IVom the iurbncau -and, not to weary tli# 
reader, when employed in smoking a pipe of tobacco, wo see in operation the identical 
principle of increasing the draft of loco motive chimneys by exhaustion-— i. ii. a tucking 
apparatus is applied to that extremity of the fiu© tlmt is the Inrtliesi from dm fir#— a divic# 
patented in Europe a few years ago. 


478 Water raised hy currents of the same liquid. [B( 

and thus it is incessantly transferring to northern latitudes the warm^ 
of the equinoctial regions.® 

The volumes of water which slioot from the mouths of the At 
Oronoco and Mississippi, continue with almost unabated velocity for 1( 
into the sea, and impart motion to the contiguous portions of the 
which are compelled to accompany them in their course. 

A current of water not only imparts^ motion in this manner to a n 
the same liquid when on a level with itself, but it may be applied t 
water from a lower level. This at first sight does not appear very ol 
A person having a field which he is unable to drain for want of a 
of discharge sufficiently low for the piirposo, would hardly think his 
could be obtained by passing a rapid stream into it from a higher 
To some farmers this would scnun the most direct way to deluge th( 
yet the thing is not only possilde, but in some cases quite easy, i 
appear from the following experiments made by M. Venturi in 179' 

From the lower part of tho cistern 1), No. 190, a horizontal tub 
ceedtid into the vesstd A C. The water in D was kept at 
abovti tlu^ (umtre of the pipe. Opposite and at a short distance fro 
j)Ipe was placunl the mouth of an inclined rectangular channel or j 
open at top. The waiter issuing from the pipe rushed up this chana 
was discharged at B ; but as it (mte^red the gutter, the current drag 
wltli it the contents of A C, until the surface sunk from A to C. 
this experimtmt it is obvious that land on a low level, as at C, mi 
. draiueil in this manner, and tlu'* water <Uscharged above, as at B, 'i 
ever a motive current could be obtaimuL ^ Venturi applied the pr 
with success to some marshy land btdonging to the public. 

In thc^ next experiment btah air and watcu' are moved by the c 
and the pressure of tlui atmosphere excited to raise water as in il 

of a pump. The c\ 
cal tube K (No. 20 
connected to a rei 
of water, D, ihe j 
as liefore being 32 J 
aliove its orifice. T1 
K was 18 linos Indis 
and 57 long. A glai 
A was connectec 
upper surface at tl 
tanco of eight linei 
its junction with the 
voir. The other e 
the glass tube desc 

mto a Vi^ssel, T, ctmtaining a colored Ucpiid. When water flowed tl 


^ Filiating nubMinnces havn nfttm Immt thrown into the Gulf Stream to ascer 
dirtetion. Upwards of iwimty yt^nru ago we mmt overboard, near the Banka, a ci 
quart bottl® earnfiiHy cnrke.d and and having a few inchci of red bunting 

trie nifok. Tiiii bottle coniained a letter fiddre^id to a gentleman in London, 
open nett In Etigliidi and Fretmh, reqnejiting the finder to pnttho hitter into, the 
postrotliee, Amiirioaii nr Kuro|man» and tiko'ii memorandum of the circuraatanci 
find fdaco of iti discovery. Freci^iely ideven nmrithit from the day the bottle W8 
mitied to ih» deep, thn letter wm delivered by the pofitman, and accompanied w 
other from an Irwh clergyman. The fragilo vep«d floated safely anborc near Sli, 
little pennon excited Bni aUenikm of a peie«nt, who broloi the bottle, and not ki 
wlmt to miikti of lh« conimilM, cnrrie.d tin? whole to Ids prient. TIom fcntlemw] 
forwariiet! flm ktti*r to its diwlimtiion, iiiiil wiote atmiher containing the particuli 
inetitmiif*d. Both lettora, wo bidnwti, %vere hud beforo the Britwh Admiralty by t 
tieinan to wlujm they worn addrowed. 
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K it dragged the air at the mouth of the glass tube with it, the remaining 
air dilated, and finally the whole was carried out with the effluent water, 
and the colored liquid rose to the height of 24 inches in A B. The glass 
tube was then shortened to about 22 inches, when the contents of T rose 
up and were discharged from K. In another experiment K was placed 
in nearly a perpendicular position, being inclined a little that the jet might 
not fail back on itself, but the liquid rose through A B as before. The 
end of A B where it joined K was flush with the interior surface of the 
latter. Several small holes were made round K j these diminished the 
velocity of the issuing current, but no water escaped through the ojienings. 

There is a singxilar fact relating to the discharge of liquids from different 
shaped ajutages : for example, more water flows through a short tube than 
through a simple orifice of the same diameter. A circular opening, of the 
same diameter as the boro of K in the last figure, was made in a sheet of 
tin, and the latter attached to a cistern in which the water was kept at a 
constant altitude of 32J inches : now while four cubic feet of water escaped 
through the opening in 41 seconds, an equal quantity passed through Iv in 
31 seconds ; and when thp length of K was only twice its diameter, the 
quantity discharged was still greater. 

But the quantity discharged may bo still further increased if the end of 
K next the reservoir be made to assume the form of the contracted vein. 
This term is used to designate that contraction which a liepaid column un- 
dergoes when escaping through an orifice, or when entering a tithe. Sup- 
pose an aperture, an inch in diameter, made in the bottom of a bucket or 
a cauldron, and closed by a ping. Then fill the vessel with water, and 
withdraw the plug. Upon examination the descending column will ho 
found contracted or tapered for a short distance below the orifice, viz. 
half an inch, or half the diameter of tlio orifice. Tlie area of the section 
of the smallest or most contracted part will bo to the orifice as 10 to lf> 
according to Bossut, but when a short cylindrical tube was applied to the 
orifice, he found the contraction as 10 to 12.3. (The same thing occurs 
whether the opening be made in the side or bottom of a vessel.) Hence 
by enlar^ng the end of K next the reservoir, in the proportions named, 
the contraction within the cylindrical part of the tube would he avoided, ^ 
and the discharge consequently increased. 



No. 201. No. m 

By substituting for K a compound tuho of the form and proportions 
figured at No. 201, the quantity discharged has becui aBcertiuned to be 
more than doubled, being to that delivered hy the orifice in the tin plate 
as 24 to 10 1 . A, the cistern ; B, a short conical tube connecting the cylin 
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drical one to the conical fruatrum 0 D. Buppoaing tlio diamc 
to be unity or 1, that of 1) ahuulil be L8, and the distance betwe 
9. The increaseil dischargt^ wluui the cyliiidrical part of 

B C its ’of considerable hnigth, and of the same bore as the smj 
of 0 I). 

A tube of the form repn'senuul at No. 202 was applied by Y 
tlio same rc'servoir, tin* de|)th of water in which was also ke 
inches. Three glass tula^s, A B were connt‘Cti‘d to the undei 
the pipe, and thcdr loW(*r eiuls inscTtetl into a vesstd containing 
When water flowtal through the pipe tln^ un^rcury rose 53 lines 
in B, aiid 7 in 0. These (piiuitliies corresptmd with G2 inches 
in A, 24 inches in B, aiul H in (h 'fhe Itmgth of the pipe shdulc 
need four timi's the dianuUer of its smaller iuid, and its sides sh 
div(‘rge from each oilum tnore than wliat is r(‘(|uinal to form an ; 
irom three to four degrees, liy this princlph^ it will be perceb 
wat<*r tnay also )>e raist'd from a lower levtd and discharged at i 
(me, and in tnany situaiioim it might doubtless be ad<ipted with ac 
See Nicholsoifs Journal, voL ii, and Hachetuds Traitd Eiemeni 
Machiiu's. 

Diflenml causes have been assigned for the increased disci 
liquids thnmgh conical tubes. One is ctutaitdy to Ih} found in the 
of vvhich they are made; for wlnm fortned of or lined with any a 
that reptds or refustm to (toah^s<’e or bc^ w«ut<Hl with the effluent ' 
wax, tallow, ^c. the effect ceam^s, Th<^ |>hemmu*nou therefore 
upcm tint attracti(ni and adhesion of the li(|uid to the aides of t 
which sid<*s ttxert a capillary lbrc(? ttt drawing the particles of tl 
towards them, so as not only to pnwimt its aHsuming the fl|(ura oj 
traefed v(nn wlien (Uiiering the ttilx! No, 202, but also drawing tho 
to th(^ divtmging sides of lint discharging ajutage. 

A knowhslge of ih<* Incrtsised diseharg*^ of lh|uidi from coni 
has hnl mnnv persmis to uikt'? advantage (»f the fact, to the serio 
of otliers. W«' have htaird (d* tlie purchaser of a water power, 
cording to the covenant was t«»- connect his mill-race with tha c 
trunk of a certain spiHufiml bon^ at thr J'Mmidm, This he did, bu 
tlie sides of the trunk diverge as in tin? last figure, the prop 
the dam was astounded to find the wati'r, as if movta! by instira 
the mnv chaunid the preference, and unaecountably pcmsistlng It 
through it with a velocity that tlireatiuied to drain the well iuppl: 
voir, and huive his own mill to lake its rest This incnsiseJ diS( 
not confined tnb<*s of a cylindrical or conical form. The wa; 
<!lmnnol may be straiglit, and its section may be a Kpiare, a tria 
ns well us it eirric. 

Then? is Siune reason for believing iliat overreaching inthii w. 
wholly it modern dis(*ov('ry. No riiy, itncieni or modern, .was 
«!ver suppUed with water in greater profusion than old Home; ye' 
tents of her a«pi«nbous were meted out with «u?oiiomy, find, a« ir 
limits, a revenue %vas d<u’ived fnun tli»^ pa!i? tif the wiiliir. Tho 
t(?nd(mce of the atpiedurts and of tlie disf ributiori of the liquid thi 
strtsus and houses were uKvavs iniruHted to a ('.itixmi of rank an' 
'file t!(»h?brii,ted Frontiims hi'h! tlieculire uiidiu* Nerva, by whose <. 
lit* wrote two books on the wafer-works of Hotiie, tin? times of tl 
tlofo districts of tho city *m|»|died by eiicli, flic nnmlmr of puWic 
vaft* Ibufitains, «piiimiiie*i id water discliiirged frciiri different slpc 
From inm we lifiirn that miinef«iiH frauds were practiced in ( 
more than the as-dgacd quaiilify of iIp; btpiid, one of the means 
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venting which was this : when a pipe for the supply of a house was to be 
connected to the castellum or reservoir, (which received the water from 
one of the aqueducts) a brass calix, or short bent tube, (probably the same 
as the modern ones which connect the lateral pipes to tiie mains) was de- 
livered by the olficer in charge to the workmen, to insert into the castellum; 
and it was enacted that the bore of the cylindrical leaden pipe should be 
the same as that of the calix for at least feet from the castellum. It 
is therefore pretty clear that Roman engineers were aware, that the in- 
creased discharge through enlarged orifices ceases when a considerable 
length of pipe of the same bore as the calix intervened. 




CHAPTER II. 

Water raisod by currents of air — Fall of the barometer during storms — Hurricanes commouco at the 
leeward— Damage done by storms not always by the Impulse of the wind— Vacuum produced l>y stormsi 
of wind— Draft of chimneys — Currents of wind in houses — Fire grates and parabolic jambs— Experi- 
ments with a sheet of paper — Experiments with currents of air through tubes variously connected— 
Effect of conical ajutages to blowing tubes — Application of thewi mhos to increase the draft of chimueya 
and to vontilato wells, mines and ships. 


Currents of air and other elastic fluids may bo employed to mis© water 
in a manner difierent from any yet noticed ; I ©. not by any modification 
of the lateral communication of motion, nor by bremking the liquid into 
minute particles by the motive fluid mixing with them, but by the removal 
or diminulwn of atmospheric jmismre. The principle to which we allude 
is to be found more or less active in nature, and illustrations of it are not 
infrequent in common life, although for want of reflection they are seldom- 
noticed and are not always understood. 

Meteorologists have long obstirved that storms of wind are accompanied 
with a diminution of the airy's pressure, and that the descent of die mercu- 
rial column in the barometer keeps pace generally with the violence of 
the tempest: thus in hurricanes the depnission is much more than during 
ordinary gales, while in the vortex of a tornado or a whirlwind it is 
excessive. 

Some persons are apt to consider winds as proceeding directly Jrom the 
power that generates them, as a stream of water proceeds from a fire- 
engine or one of air from a bellows, whtmias thc»y as often rush towards 
the source that gives them birth ; and hence it is that hurricaiubs, sotne- 
times if not always, commence at the leeward. Should any mystery ap- 
pear in this it is easily explained ; — if a person blow through a tube, the 
blast proceeds from him; if he suck air through it, the current is directed 
to him : when we close a pair of bellows, wind issues from the no'/zia ; if 
they are opened while the valve in the lower board is shut, it rushes back 
through the same channel ; bo it is with currents in the atmosplicjni. A 
partial Void is formed in the upper regions, perhaps by electricity, by 
changes of temperature or humidity, by rarefaction or other causes, and 

61 


482 
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iiisiiuitly iH’tmni uf the IIuhI tnatter anniiiil rusli to ^^«itoro the equirv 
llioii the reiiiuvid of thene oceans neceHsuialy induces others to raov 
u* take their place, ami in this wav varituis strata of the atmosphe 
iiiilcs ami huiidredH <d' miit*s, art* ptit in nuitiou towards the place ^ 

the cause of their inovtumuits is locatei!,juul in a way not unlike tl 
which streams of air enttu* a person’s intuith w hile he sucks an empn 
or a helhnvH during the act of cipening tliem. ^ ^ 

Whoii tlic lowerintt sky and dittin|^ clomls announce the approac 
vit>lent Htt»nn, ami when, like a diumm hrok*^ hume, it destroys in it 
nearly ma-ry thinit in its track, we commonly suppose the mischief i 
hy fh^ diret'f impuLif of tln^ hlast— that ai^itated ami groaning forests 
|mcUratcd, walls and f«*nces Icveltsi, htiililings o%*riurncd and othe 
roof’d, iVc. are the reaulis t»f a tempest swet^ping these olijects bef 
munewhaf m we ldt»w dttst &c. front a table or from the cover or e( 
a Ihtt thin, thougli siunctitncH the case, in not always so* fo 

were, ahnt*st evt^ry objiuu blown tleovn l»y the wind would be fount 
in the dire<uion t»f the bheU, whereas they an* frcapiently discovered 
oppiedte one. 'Fhe eifecia cnnmeriitetl am Hornet imea caused by 
blowing over a tliniriet of country w iflnnit coming in ctmtact with the 
or the objects upon it, but mi‘rely sweeping ill Home distance above 
lit other itmeH lumilar reHidtH are met witli at tlit^ <*xtrerne edge of a 
find evtm beytuid it. In fheie caneH a |iartiid vacuum produced 1 
serial cummin often worka all the fiii'ichit^f, jdihongh it may be, as 
ijiirntly m, Vnit t»f inotnenlary durathuu i huildingH have been ; 
tiineouily destroy crl by the expansion of the air mt/iiti Mm, their 
lieinif ilirowii mthmtd^, and their rendh ortyocted alnfr. The torna 
wlmdi iht* city of Nati'he^, waa recently ileHtroyeii furniHluHi striking 
of thci rfuiitwod ttf atinojipherie pre.HHunn amf of fearftd ilumages occa 
bv the \'«ud. d'he doori and wnidowM of one or two houHt^s left st! 
iitind fhi? general wreck hap|ieni*ii lo In* open, ami ilniH furnished 
for the dilated au' fo earape, In mmiv liouHeH the leeward gabh 
were lUidtcil out, afid the* windward itneH stood ; in others, the le 
wiiili remained rtfanilmg whih* il}o*-4i» n,» the windwanl were throw 
ward® ill the face of th*? Hoih gabh* end*! were burst out in 

itiil of Olliers the ^iiddfui **xpaiedon of die air ridnet] the roofs for 
ami left more or ie^«i »»| ihe walhi stamling** 

wliicie ideal of a Vacuum are iiciieparably associated wi 
light %-efiHel«, wouhl hardly #u|*j*o;ie fliitt any thing approaching i 
eoiild be forint?d ill the tipen regioiifi iitutve iind idinuf. us; yet every 
tif wiod---lhe gentle '/.ephyr Wad! liu the furioiH tem|H*Ht — dastro^ 
#.o|ud'ihr4iiin at* th#^ air’rt prcf%ure, iiiid nuineipieiitly protlucos a partia 
mol i! Will be ^etui in ihi^ nsid the Iblboving rlmpfer that a vacimi 
III* |io»d:.i*-r4 and inmntained in ialn-n. fi ^dioiiltl however he 1 
tfi'iiid, fh-U an vaenity i*4 in*! foyid nt itiifiire nor to he obtab 

uri *, ih** «hgh!e*i! rarotaeiion imd the be*^f re'itilfH of tht! host air-p^t!^ 
bill »|egrer*i in flio 4»f a of iaIiov* Iiinifs w'c know but li 

A- |e%v iiior«* fomih^r of flo* reiii-oal or ilindnution of i 

|i|ierie pret^ur#* In* rurrmfji lU jur will I. *4 be out of pliice. And firs 
Iia« not* while Bitting by a winnu*’** fire, \%t?neii-ed the coals in the 
lii'ighteii -ttisldenly -np, atid heard fhe ll-itne'j iind heiitml air roar 
cliuiiriey if urged for a feiv ijmitienln by n^cne inviiiilile liallowi-bl 
pheinufiefiii nitriieited, we be|ie\*% m the iLtV’i of witchcraft, to elvi 
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fairies, those mischievous imps who, in their wayward moods, sometimes 
undertook to blow the fires as well as to sweep and sand the floors of the 
houses they visited, and who, by their screams of delig'ht on leaving their 
work, were supposed to produce the hollow sounds in the flue as they 
darted up to join their comrades in the tempest without ! It need hardly 
be observed that it is gusts of wind, sweeping in particular directions over 
the tops of chimneys, ^ and thereby causing a partial vacuum within them, 
that thus powerfully increases the draft. But it is not necessary to have 
fire in the grate, for the effect may be noticed in parlors during the summer 
months, when those light and ornamental paper aprons with which ladies 
cover the fronts of their grates are often thus drawn into the flues, and be- 
come disfigured and spoiled. 

Other examples may be derived from the movements of interior doors, 
blinds and curtains of windows, &c. While we are writing, the front 
door of our dwelling is opened, which affords a clear passage from the 
street to a garden in the rear. The door of the room we occupy opens 
into the passage, through which a flaw of wind has just passed, and in a 
twinkling the blinds swing from the windows, and the door is slammed to 
its frame, by the air in the room rushing to join the passing current, or to 
fill the slight vacuum produced by it. An open fire-place creates a draft 
up the chimney, which acts as a pump to draw cold air into the room ; 
hence the complaint, not at all uncommon, of being roasted in front while 
facing the fire, and at the same time experiencing the unmitigated rigors 
of winter behind. (In such cases tlio combustion should be supported by 
air drawn from without by a pipe terminating beneath the grate — a device 
patented in modern days, though it was known two centuries ago, and is 
described by M. (xaugcr in bis treatise on ‘‘Fires Improved,” a work 
translated by Desaguliers in 1715.*) The motion of every object in nature 
produces currents of air, and in every passible direction — me movement 
of the hand in writing or sewing — the trembling of a leaf or of an earth- 
quake — the flight of an eagle or of an insect — the l)all whizzing from a 
cannon’s rnoutli, the creeping of a snail, or a wasp using her forceps. 

Artificial illustrations might be (juotod without end. Lay two IBooks of 
the same size, or two pieces of board, six or eight inches apart upon a 
table, and place a sheet of paper ovcm them ; then blow between the books, 
and the paper, instead of being displaced by the blast, will l)e pressed 
down to the table by the atmosphere al)ove it, and with a foi-ce proper-/ 
tionedto the intensity of the blast. Insteiad of the mouth next tise a pair 
of bellows, by inserting thcj nozzle under one edge of the paper, and the 
effect will still be the same. The stream of wind may even bo directed 
partly against the under side of the pa, per, which notwithstanding will re- 
tain its place and be pressed down as before. Suspend the books or fix 
them to the under side of a table, then hold on the paper till the blast is 
applied, when the sheet will ho sustained against gravity. Fold the pap(u' 
into a tube and blow through it with tlic mouth, or with bellows — in both 
cases it will be collapsed. From this experiment we learn that the forc(^ 
which fluids exert against the sides of pipes that contain them, is greatly 
diminished whan they pass rapidly through. We have known a small 
leak in the pipe that supplied steam to a high-pressure engine, cease to 
give out vapor every time the communication was opened to the cylinder 


» " Parabolical jainbi ” (also patented) or backs of grates for reflecting from their po- 
lished surfaces the heat into the room, are described in the same interesting little work. 
At page 140 Desaguliers speaks of bellows invented and patented by Captain Savery — • 
a device of his that is no w'here else mentioned that we are aware of. 
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— the particles of the fluid then being hurried along with a velo 
great to allow any of them to change their direction to escape at tl 
The following abstract of experiments made by us in 1834-5, i 
trate the same principle, may interest some readers : — To ascen 
extent to which atmospheric pressure was removed from under th 
of paper, we bent a small glass tube at right angles, and placing . 
under the paper let it rest on the table, while the other descends 
tumbler containing a little water. Then taking a small pair of 1 
and directing the blast over the pipe, the water rose from one half 
fourths of an inch. The books upon which the sheet laid were thei 
within two inches of each other, when the effect was increased, tl 
rising from Ij to 2 inches. Wo next laid aside the paper and n 
of two tubes, one to blow through and the other to measure the a 
the rujuid. 



Two leaden or block tin tubes, straight and polished in the insi 
united at right angles. See No. 203. A C the blowing pipe, 
long and Italf-inch bore. 13 12 inches long and three-eighths bor 
upptjr end of B was joined flush and smooth with the interior of ,t 
three inches from the end A, Upon applying the mouth to C and 
in the direction G A, indicated by the arrow, instead of the liqu 
in 13, part of the current from the lurigs entered that tube and w£ 
through the water in the tumbler. Various portions of the end 
then cut off without changing the result, until lialf an inch only r 
in front of the Joint, when the air no longc^r descended, hut no ra: 
was produced in 13. When both tulies wt^re made of the same h 
of the blitit descended] in B until the whole of A in front of the j 
removed. In numerous trials, the water in the lower end of B 
pressed more or les.s, wlnuher the blast of wind through A wa,s • 
strong. (From these experiments wi* discover the impropriety oi 
cylindrical tubes on cbimiu^y t(>|>s at right angles to the draft, a 
cially on locomotive carriage's, as was at first proposed. IntheEc 
Erjcycltjpedia, vol. xvii. |)» 457, a carriage by Tredgold is descril 
a figure of It given m plati^ 511. The chimnt^y is represented wit 
liorlzontal tube attached fore and afl to tin* top, as in No. 203, wit 
“ to (mist, the drafts’ by the passage of the air or wind through 
eKpcjrirnents abovts show that the reverse would have been the a 
As part of the air in passing tlirough A, in No. 203, turned of 


Blowing Tubes. 
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the idea occurred that if the junction of B were made to form an acute 
angle with the longer part of A, then the whole of the aerial current might 
possibly pass out at A, since to enter B it would have very nearly to 
reverse its direction. The device figured at No, 204 was made to test this. 
(The part of A in front of the joint was inches long, which from several 
experiments we thought produced the best effect, when A was half an 
inch in the bore — i. e. the length of this part of the blowing tube was three 
times its diameter.) Upon trial part of the current passed into B and es- 
caped through the liquid, as in the preceding experiment ; and even when 
B was turned up in a vertical direction before entering the water, the same 
effect took place. 

Various modes of uniting the pipes with the view of preventing the 
blast from entering the vertical one were now tried, and to ascertain the 
effects produced a glass tube, three feet long and three-eighths of an inch 
bore, was attached to the vertical or exhausting tube of each. In No. 205 
a portion of B protruded into A, so as to form a partition or partial cover 
to the orifice. Upon blowing through A (in the direction of the arrow) 
the water sprung up B to the height of 12 inches, and in subseejuent trials 
varied from 10 to 20 inches, according to the strength of the blast. By 
connecting the glass tube to the blowing end of A and then blowing 
through B, the liquid rose from 8 to 10 inches ; tlic^ diff(?rence no doubt 
being caused by the current of air having liad greater facilitit^s in one 
passage than in the other. 

We next united two tubes at right angl(^.s, but instead of making the 
joint flush within as No. 203, the upne^r end of was cut obH(jvu!ly, us 
if to form a mitred or elbow joint. Tliis end was insm'ttHl into the under 
side of A, as represented at No. 2()(), tlu^ t)pen part of B facing A. The 
object of this device was to asc<?rtaia whether the convex part of the ver- 
tical tube within A would be sufficient to divert the blast from entering B, 
while it swept over the upjier edge and passed round each side. Previm/s 
to connecting the lower (md of B with tne glass tuba we inserted it in 
water, and upon blowing smartly through A, the litpiid rose (10 inches) 
and was expelled with the air, forming a dense shower. The glass ttilxs 
was then attached, (liy a slip of India rubber) and upon bh^wing again the 
water rose, on different trials, from twmtj/ to t/iirfi/ hic/tcs. The tulxi A 
was half-inch boro, and B three-eighths. Various experiments wiire madcs 
to determine the best length of tliat part of A in advance of tluj joint : the 
result was generally in favor of the extent already mentiomuL 

The end of B cut obliquely, as in the preceding expeuimemt, wm now 
inserted into A at an acute angle. See No. 207. The ascent of the liquid 
in several trials varied from 20 to 28 inches, A modc^rate puff raised it 
14 inches, but a strong effort of the lungs was rtstjuired to elevate it over 
two feet. When the glass tube was connected to A, as in No. 208, and a 
blast directed through B, the highest range of the liquid was nine inches. 

The tubes were next united as in No. 200 ; that is, the axis of the 
part of B which entered A coincidtul with that of the latter, tlms leaving 
an annular space one-eighth of an inch wide for the passage of tluj blast. 
The effect of this did not difft^r so much fnim No. 208 as was expected. 
The rise varied from 20 to 30 inches; and not more than half the former 
amount was produced by reversing the tubes, m in No. 210. The annular 
passage for the blast in No. 209 was too small, the current was jyinched in 
passing, and its velocity consecjiumtly dirninishiid. Irt another tube in 
which the space was enlarged, the watt^r rose six indices lughar. #. 

We n^xt endeavored to ascertain the efiticts of varying the form of tha 
discharging ends of the blowing tubes, either by adapting additional ones 
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of a tapering form to them, or by enlarging the ends themselves 
number of experiments, the following will be sufficient for our 
purpose. In two of the tubes (Nos. 211 and 212) the exhausting ] 
not protrude into the blowing one : in No. 213 it did. As it is dii 
keep up a strong blast from the lungs through a pipe so large in t 
as half an inch, No. 211 was made of quarter-inch tubing, and No, 
five-sixteenths. The blowing tube of No. 213 was seven-sixteen 
the exhausting one three-sixteenths, and all were made of lead, 
the tubes just named we prepared a dozen conical ones, nine inch 
the small ends one-quarter inch bore, and the large ones varyii 
three-fourths to 2j inches. They were made of tin plate, the seai 
lapped, and no particular care was taken in their formation. F 
merous trials with them in a variety of ways, we obtained the bes 
with two, one of which was IJ inches at the large end, and the othe 
eighths. But of these the latter, marked C in the cut, generally cai 
water to rise highest in the exhausting tube. 

The discharging end of No. 211 extended Ij inches from tl 
and the opposite end 2 J inches. Whe 
through in the direction of the arrow, 
the current descended through the wj 
when the conical pipe C was held do 
discharging end the liquid rose in the 
pipe 9§- inches. A quarter of an inch a 
cut off the 'discharging end and C a 
plied, when the water rose 12 inche 
end was next remered out with the 
■prong of a file, when the water rose 1 
C) 11 inches. Another portion was ] 
off, leaving only half an inch in froi 
joint, and the end swelled out as befo 
which the rise was 7J- inches ; but 
was applied the water rose 11^ inche 

In all the trials with C it was necessary, in order to obtain 
results, that its axis should coincide with that of the blowing tub( 
wise the current of air is deflected in its passage. The lengl 
blowing end of the tube should be no more than what is necessar 
a straight direction to the current. If longer than this, the velc 
strength of the blast is unnecessarily diminished by friction ag 
prolonged sides. The blowing tube should also be straight and 
within ; for the energy of the blast is less diminished in passing t 
straight than through a crooked channel — through a smoothly 
tube than through one whose interior is marked with asperities. M 
dints or bruises in a pipe produce counter currents, and materially 
the ascent of the liquid. In small tubes, the end received into tl 
might be enlarged or cut obliquely to facilitate the entrance of 
for if the fluid be retarded in its entrance, part of the force exerte 
lungs is uselessly expended. It is immaterial in what position the 
tube is used. 

In No. 212 the blowing tube was jointed to the exhausting one at 
of 20®. The part in advance of the joint was If inches. Upon trial, 1 
rose seven inches. The tube I) was applied, (its small end being 
to five-sixteenths) and the water rose nine inches. The tube 
swelled out by the prong of a file until its orifice was seven-sixU 
an inch, when the rise was lOj inches. I) was then applied, its 
tering the other, and the water rose IS inches. Previous to this 
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had become slightly bruised in the middle of its length by a fall: the 
bruises were taken out, and the water rose 24 irudies. Various portions 
were cut from the large end of D, but no diminution of the rise occurred 
while inches remained, and this length from several trials gave better 
results than when the tube was made shorter.^ 

In No. 213, the discharging end of the blowing tube was 1 J inclies long. 
Without any additional tube, the water rose IG inebes. ^ Tlie end was 
swelled out, and the liquid rose 19 inches. 1) was a})plied, and it rose 
29 inches, 'c was then tried, whicli made the liquid ascend 31 inches. 
The discharging end was reduced in length from an inch and a half to 
half an inch and the elevation of the li(j[uid was diminished, both with and 
without the additional tubes C and 1). 

Two other tubes connected like No. 213 were also tried. From slight 
variations in the dimensions of the j)a8sage way over the end of the ex- 
hausting tube, the results varied. Without tlu!! additional tube C, one 
raised the water only sewen indues, while witli G the rise wm 17 inches. 
The other alone raised the liejuid 14 inche.s, and with C 2()J inches. 

It has been seen from preceding experiments, that when two tubes of 
the same bore are united, as in Nos. 203, 204 and 211, part of the current 
from the moqth will descend tins vertietd one, if but half an inch or (wen 
less of the discharging end project bt^yond the joint. To ascu'rtain at wiiat 
distance from the joint this dttsetuit of the current could be c,ount(inLc.ted 
by additional tubes, we conm^cted two pi(‘ces of huubm pipti (A and -B) 
five-sixteenths of an inch boro to each other, as in tbt^ figure. A was 15 

inclum long; B four Indies, 
and joined to the othtir three 
inches from ilus blowing 
end, thus leaving 12 indies 
in front of the joint. The 
lower end of B dipped not 
more than one-tentfi of an 
inch in water. A topered pipe, C, whose wide end was 1| induis and 
the small one five-aixteentlm was attached to A, atid upon blowing through 
A, part of the blast dc'sceniled through B. Small portions wert^ tluni suc- 
cessively cut off the discharging end of A, until the air ceaHcul to (htscend 
in B. When nine inches remained in front of the joint, but a solitary 
bubble or two escaped through the w'ater, and idb^r anotlnvr indi was rc^- 
moved, leaving eight inches in front, the whole curnmt from the lungs 
passed through A. The conical ttdu^ was nine indies long, ami after the 
last result it was divided at 1), four indues from the <md. upon removing 
the part thus cut off, air agam desrendal throngli B. 

From this experiment we mm that the inlluenet^ of such terminations as 
C to cylindrical air tulnm, extends to a distance etjual to 25 times thti tube’s 
diameter. It is however modified by the vtdodty of the motive curremr. 
When high steam is used insUuid <if air, t!it^ <listariee is greatly dlrniuLMhed, 
and in some cases armihllafed. A smoky chimney, or one with a ftM’bk^ 
draft, may bo cured by enhirgitig its upper part hkt^ the additional tube (> 
in the last figure. The reason why an e<[ual amount of rise in tint <’xbiiust-» 
in g tube is not producinl by additional ones to sudi devicc^s as Ntn 213, 
arises no doubt from tins tirojection of the exhausting tube into the Idowing 
one, which prevents the lilast irom sweeping directly into tlic* conical one 
Ktidi filling the latter, a condition necessary to the increascnl a«c<mt 

Some applications of the principle! illustrated by the prece<Hng experi- 
ments may be noticed : — 1. In siphons for decanting cornHling or other 
liquids — which see remarks on these iuBtruments in a subsequent 
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chapter. 2. Increasing the draft of chimneys, as well as prevent 
from smoking. Instead of the old fashioned caps of clay or the e 

ones of iron, let them be made in the 
the annexed figure, and either of shet 
copper. A short pipe should be fix€ 
chimney, and over it an outer one (s 
the cut) to turn freely, but as close as 
without touching, that the horizonta 
which the latter is attached may vec 
with the wind. The vane V keeps t 
site end A to the wind, which enters 
cated by the straight arrow, and in 
through sweeps over the projection at 
a vacuum in the chimney, as in the 
tubes already described. 

A device of this kind might be made to act in windy weather ? 
petual bellows to blast or refining furnaces, and also to those o; 
boats and locomotive carriages. When used on chimneys of the 
contrivance to turn and keep the blowing tube fore and aft, as the ca 
turned, would be required. The joint where the perpendicular tub 
over the fixed one might also be made air-tight by an amalgam, 
principle of the water lute. From the experiments with the tul 
206, ’7, ’8, ’9, ’10 and ’13, it follows that if the waste steam of a 
tive carriage were discharged . over the mouth of the chimney a 
instead of up its centre, the resulting vacuum would be greater. 

It is worth while to try whether wells, mines, and the holds < 
could not be more speedily and effectually ventilated by a similai 
than by the common wind sails used in the latter. These disp 
noxious vapors by mixing fresh air with them, but by the propos 
the foul air might be drawn up alone, while the atmosphere wou 
a steady and copious supply to stream in at every avenue. 

If two or three exhausting tubes, of metal or of any other suit 
terial, (whose diameter for a ship of the largest class need not 
three or four inches) were permanently secured in a vessel, the 
ends terminating in or communicating with those parts where 
effluvia chiefly accumulates, and the upper ends leading to any oo 
part of the deck, sides or stern, so that the blowing part could re 
slipped tight into or over them, the interior might be almost as 
tilated, even when the hatches were all down, as the apartmen 
ordinary dwelling. It appears to us moreover, that a vessel migl 
means be always kept charged with fresh and pure air ; for the a 
might be in operation at all times, day and night, acting as a p 
pump in drawing off the miasmata. The only attention require 
be, to secure the blowing tube in its proper position with regar- 
wind .during storms. In ordinary weather its movements mighty 
lated by a vane, as in the figure, when it would require no attend 
ever. The upper side of the blowing part of the tube should be c 
away at the end, so as to facilitate the entrance of descending cui 
wind. See the above figure. 
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CHAPTER III. 


Vacuum by currJiits of stoam — ^Various modes of applying them in blowing tubes— Experimontit— 
Effects of conical ajutages— Results of slight changes in tho position of vacuum tubes within blowing 
once Double blowing tube— Experiments with it — Raising water by currents of steam— Ventilation of 
jnines— Experimental apparatus for ooncoiitrating siruj^s in vacuo — Drawing air through liquids to pro 
mote their evaporation — ^Remarks on tho origin of obtaining a vacuum by currents of steam. 


As the Utmost rarefaction which can bo produced with blow*ing tubt's 
by the lungs is exceedingly limited, we next endeavored to ascertoin how 
far it could be carried with currents of sf.eam. Tins fluid presents several 
advantages. By it a uniform blast can ho obtained and kept up, and its 
intensity can bo increased or dirnintshed at pleasure : hence oxperimtnits 
with it can be continued, repeated or varied, till tho results can be relied 
on. As it is inconvenient to measure higli degrees of rarefaction by <!ol- 
umns of water, mercury was employed for that purpose ; and as the 
blowing tubes &c. if made of lead or block tin would have become soft 
and bent by the heat, tlu^y W(‘ro all made of copper, while the^ achlilional 
or conical tubes (generally) were of cast brass, and smoothly bor<*(l. A 
detail of all or even half the experiments made would posHisss no int(‘r(‘Ht 
to general readers, and would be out of place lu;re; we tbendbre nu‘r<‘ly 
notice such as gave tho liest results. The force of tho highest sttnim usial 
was equal to a pressure of 90 pounds on tho inch. It was measured by 
the hydrostatic safety-valve dc8cril>od in the Journal of tho Franklin Insti- 
tute, vol. X 2d series, page 2. 

While engaged in the pros(?cutlon of this subject, wo supposed that cur- 
rents of steam had nevtsr bemi employcid to produce a vacuum ; but it will 
be seen towards tho clost^ of tho chapter, that wo wtsro anticlpatxul by a 
French gentleman, though to what extent wo are yet uninforoHul. Wo 
were not aware of tho fact until all the following oxpcu'iments had boon 
matured, and moat of thorn rcipeatedly jx^rformod. 1 ho <;ircumHtanco af- 
fords another example of those coincidences of mcmtal and mechanical 
effort and resource with which the history of tluj arts m and always will 
be crowded. The shoemakers’ awl was formtirly straight, but is tiow.,iHm.4 : 
the author of the improvement was suppostul to have lived in comparativtdy 
modern tim^s; but recent n^soarches among the monuments td* Egypt 
have proved, that die artists who made shoes and wrought in leather undtm 
the Pharaohs used awls identical in shape with the modern ones. 

The expenditure of high atiaim through op<m blowing ttilnm likij those 
figured in Nos. 203 and 204 would vibviously lie enormoui, siric.e tlnu-e is 
nothing in them to prevent its passing freely through. Tlusy are not tlunai- 
fore so well calculated for practical ojierations as those in which tht^ end 
of the exhausting pipe projects into the blowing one and contracts the 
passage for the vapor, as in Noa. 205 — ^210. These are also better on 
another account — they produce a better vacuum. Economy in the em- 
ployment of steam is of die first importance ; hence? it was di‘sirablti to 
determine if possible that particular construction of tin? apparatus by which 
the highest deeree of rarefaction mav he ohtiiineil with the least exoendi- 
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411 <*f !.ht» straiii*^ i‘!a.'4u ify uirriMstHl tlu^ vacnuun ar 
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a vessel of quicksilver, was attached to B, and a scale to measure the 
ascent of the mercurial column. 

When the pressure of the steam in the boiler was equal to 30 pounds 
on the inch exclusive of atmospheric pressure, and the steam cock C 
opened, (the hole in its plug was five-sixteentlis of an inch in diameter) 
the mercury rose 9 inches in the vacuum tube B. When tlie steam was 
at 40 pounds, the mercury rose inches. At 50 pounds it reached over 
IS inches, at 60 pounds over 19 inches, and at 70 pounds 21 inches. At 
SO pounds it was only 21 inches, but on partially closing the cock it sprung 
up to 22 inches. When the steam was at 90 pounds on the inch, the mer- 
cury fell to 20 inches, but on turning the plug of C it rose to 22 inches. 
These experiments were repeated several times and on different occasions 
without materially altering the results. 

The effect of additional tubes inserted into the open end of A was next 
observed. Ten or twelve of these were made of tin plate, and of different 
lengths and taper. The small ends of all were half an inch in diameter, 
and made very thin, so as to slide into A nearly up to th(^ contracted part, 
and at the same time to present tlie least projection possible to the issuing 
current. The effect of three of these tubes, two oi which gave the best 
results, are stated in the following table. The tube No. 1 was 14 inches 
long, and its wide end inches across. No. 2 was 27 inches long, and If 
in diameter at its mouth. No. 3 was five feet long, and its mouth or wide 
end 2^ inches in diameter. 


Bsure of steam In pounds 
on each square inch. 


Vacuum in inches of mercury 
with apparatus No. U17. 

VACUUM WITH 

No.l. 

AnmnoNAi. tubes. 
No. % No. a 

30 

- 

- 

- 

9 

- 

- 

10 

11 

— 

40 

- 

- 

- 

15.5 

- 

- 

17 

18 

10.5 

50 

- 

- 

- 

18.1 

- 

- 

20 

20.5 

— 

60 

- 

- 

- 

19.6 

- 

- 

20.5 

22 

— 

70 

- 

- 

- 

21 

- 

.. 

21.5 

22,8 

16.5 

. 80 

- 

- 


21 

- 

- 

22 

23.5 

— , 

4< 

- 

- 

- 

22 

.. 


22 

23.5 

— 

90 

- 

- 

- 

20 

- 

- 

20 

21 

— 

it 

- 


- 

22 

- 

- 

22 

— 

— 


In adjusting an additional tube it was moved till its axis coincided with 
that of A. This was ascertained by the mercury, which oscillated with 
every movement of the tube, but always rose when it was in tluj position 
indicated. On one occasion, wlien the mercury stood at 15 inches, the 
additional tube No. 1 was slipped into A and tins mercury ftdl to 12 inches; 
but this was caused by puslung tht? tube in too far, i. e. till it totiched the 
vacuum pipe — for on withdrawing it and swtdling out the end a little, the 
mercury rose to 17 inches on the tulie being reinserted. A small addition 
was made to the wide end of No. 1, so that it flartjd out like a trumpet: 
on trying it, the mercury stood two indues lower than before; 

The tall of the mercury whem the steam was raised to 90 pounds, was 
quite unexpected. It was at first supposiul to have besen caustsd by a 
wrong position of the additional tubc^, and then to some small objc^ct lodged 
by the steam between the vacuum and the blowing pipes; but on 
nation nothing of the kind was found. As the mercury still refused to rise, 
we tried another apparatus similar in all respects to No. 217, excnipt being 
of rather larger dimensions ; but the same thing ocunirred. Winin the 
steam was at .30 nmindfl tlm 
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PosUim of Vacuum wiiluM Mowing ones, 

to indicate that the Itsngtli and taper of the additional tubes si 
with the force of the steam, and that the annular passage for 
should be contracted as the elastic force of the steam was inert 
Ct/lindncal pipes applied to the mouth oi A, or to those o 
tional tubes, caused the luercury to fall ; but any plane object li 
the current issuing from A, did not affect the vacuum. A pie< 
was gradually brought to within one^/hurtk of an inch of the cm 
of course deflecttnl the steam at right angles ; yet the vacuum 
the least dinnnislunl until the board was pushed still nearer. I] 
the larger ends of the additional tubes to A the vacuum was dir 
TheUoisiJ madc5 by the steam issuing from A is indicative c 
of the vacuum. If it he loiul imd sonorous, the vacuum is not r 
as wlum rlu^ stituul is less ami kissing^ In the former case tiiere i 
too much stt!am escaping — the cock aliould be partially closed, 
N(». 218 is a vi‘rticul and a hori7,ontal section of the device b 
which the vacuum tube was riuained iti a positiorj either eccen 
cetitrlc with the Idowing one, atul by which it ccnild ho drawn 
so as to touch thii nurrowi^st part tjf the latter. Three fine s 
blunt iiiuis wtu’e tapped at t‘<|ual tiistance* from each other int< 
jectituw cast on A, ittclies l>elow the ctmtracted part. By 
<!Xact ptKsition i»f tlu* vacuum tula^ which gave the best result 
raiely ascertained ; aiul it was r<*inarkal»hj how small a change 
tion affectiHl the mercurial cidumn. A few examples are am 
The steam in the hoih^r fujing low, and the rru‘rcury standing a 
only, iho vacumn tube was rlrawti by the scr<‘ws so as Imrely i 
arc! instatitly the mercury fell to 2 inches, 2. VVIum tin* pipes 
of <*a('h, and tin? morvmy H)| inches high, as soon as lliey tou 
to Id iiu’hes. Similar results took placti whiitiwcvr might lie tli 
tin* sttnim. Ih Tim mt*rcury fell als«» when tlu5 axis of both tt 
ijuite cthuchle, uhhuugh a clear pasnage still rennuned ftm tht 
shown at E, No. 2 Id. In this cast*, as in the others, the grea 
vapor on one siile probably creattsl cross currents in A, after ] 
contrai’ted part. Un one ocemum, the mercury suddenly fell se^ 
while the pipes were concentric witli tiach lUher, Upon exuri; 
was found to !»e owitig to a minute piece of grit, or a film of 1 
I>y the attmrn between the two pipes, where it was wedged in. 
oxtmeil one-sixteenth of an inch in any clir«!ctiori. It producec 
effect as when the pipes touched, Uptm removing it, th© stei 
before. 

Another point necoiiary to bo attended to is dm position of 
of the vacuum pipe with respect to lh«^ narrowcist part of di© bl 
i, 0 , whether in a lino widi it, or in lulvaime, or behind it, as fi 
Jl G No. 2 Id, To test the effect of these varioui poiitioni, t 

E wm 80 arrangetl by a screw cut on it, as to. bo puihad in 
L lit. |ileasun?. In one experiment, the mercury stood at 
when diey wens cm a fine?, m at A, The vacuum tube was j 
ward ihreo-sixtcemths of an inch widmut any change in the va 
when the pipe protruded three-elghtlw, m at B, the mercury 
incdici. It was then drawn b’hind the contracted part of A, ai 
cury iiiitatitly began to fall. When tlm orilic© was <»ne-fourth 
behind, the mereury fell from 21 inches to 4 ; and when drawi 
eighth of mi inch mon^, as at G, tlie ittiatn descjonded the vacuu 
blew the rnereurv out of tlm vesiid that contained it. .In anot 


Double Blowing Ththe. 


493 


Chap. 3.] 

back so that its end was in a line with the contracted part, the mercury 
rose half an inch. When drawn back one-eighth of an inch, it fell to 
17J inches. 

That part of the vacuum tube within the steam chamber, or back end 
of A, should be straight, and its axis should coincide as nearly as possible 
with that of A, else the vapor in passing over the orifice will be more or 
less deflected to one side, and thus diminish the vacuum. 

Although the blowing tube figured at No. 217 has its mouth opening 
upwards, in practice we used it in a horizontal position, as at No. 219, or 
rather inclined downwards, as at No. 221, that the condensed vapor might 
not fall back and enter the vacuum tube. 

No. 220 represents another modification of this mode of removing at- 
mospheric pressure, by which the vacuum may be carried to 
a greater extent than with No. 217. It consists of two blow- 
ing tubes attached to one vacuum pipe. The lower blowing 
tube in its narrowest part was seven-twentieths of an inch in 
diameter, and the annular passage for the steam between it 
and the vacuum pipe was only one-fiftieth of an inch in width. 
The bore of the steam cock and pipe C was three-tenths of an 
inch. The upper end of the lower blowing tube was half an 
inch in diameter, and terminated at the contracted part of a 
larger one, D, where a space of one-thirtieth of an inch was 
left for the steam between them. D was six inches long, and 
its upper end an inch in diameter. It was also furnished with 
steam by the pipe and cock E. (Both blowing tubes in 
the accompanying, illustration are figured too large for the 
exhausting one.) 

When this device was tried, the safety-valve of the boiler 
indicated a pressure of 40 pounds on the inch. The cock E 
was first opened, and as the steam rushed from D the mercury 
rose 8 inches. E was then closed and C opened, upon which 
the mercury rose 8.8 inches. Both cocks were then opened, 
and the mercury rose 16.6 inches. 

When the steam was at 60 pounds and E opened, the mercurial column 
was 9 inches. With E closed and C opened it rose 15 inches. Both 
cocks were next opened, and the height was increased to 20 inches. 

Steam at 80 pounds and E open, the mercury stood at 17.5 inches. C 
open and E shut, it rose to 21 inches ; and when both were opened, it 
reached to 24J inches. The addition of another blowing tube over D 
would most likely have carried it to the full height of the barometer. If 
D wefe inserted in a chimney in the direction of the flue, it would ^ot 
only increase the draft, but the draft would increase the vacuum. 

The steam pipe that supplied D was then unscrewed from the cock E, 
which was left open. The cock C was again opened, and the mercury 
rose as before to 21 inches, the air rushing through E producing no effect 
on the column except rendering its surface slightly concave. By often 
closing and opening the orifice of E with the finger, no sensible change in 
the vacuum could be perceived. 

After removing the vessel of mercury from the bottom of the vacuum 
pipe, a piece of twine several yards in length which happened to be laying 
on the ground near by, was drawn into tho tube and - discharged through 
D. This was repeated several times. By presenting one end near the 
end of the glass tube, the whole was almost instantaneously drawn up and 
thrown out by the steam, although the vacuum tube was continued in a 
horizontal position nearly two feet before it was connected to the glass 
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one. On applying a vessel of sand, and another of water, to the end oi 
the tube, the contents of both were raised and discharged in the same wa ■ 

The vacuum tube of No. 220 was connected to a soda fountain, and^ 
opening one-sixteenth of an inch diameter made in the latter to admit aii 
The mercury previous to making this opening stood at 16 inches, and i 
still remained at that height. The opening was next widened to one 
eighth of an inch, when the mercury fell to 12 inches. The opening wa 
then made as large as the bore of the vacuum tube, (about five-sixteenth« 
upon which the mercury fell to six inches. 

It is obvious that by connecting one of these blowing instruments to a 
air-tight vessel, water may be raised into the latter by the atmosphere, an 
to an elevation corresponding with the vacuum. In one of our earlies 
experiments, we attached a blowing tube to a soda fountain placed 22 fee 
above the surface of the water in a well, into which a pipe descended froi 
the upper part of the fountain. But by arranging a series of close vessel 
at certain distances above each other, (according to the extent of the vaci 
um obtained by the apparatus) water may be raised in this manner to an 
elevation — ^the pressure of the atmosphere transferring it from one vesst 
to another till it arrive at the place of discharge, as in Papin’s plan, d( 
scribed at page 447-8. An English patent was granted in 1839 for aver 
elaborate French machine of this kind. See Civil Engineer and Architect 
Journal, vol. iii, page 51. In December 1840, an American patent m 
obtained for the same thing by a French merchant of this city. This gei 
tleman has had one constructed from drawings sent from Paris. The n 
ceiving vessels were 12 feet apart. The mode of applying the steam ; 
to discharge it at the orifice of the vacuum pipe, over a small part of th 
periphery, as at A No. 216. The steam however does not come in conta( 
with the sides of the vacuum tube, as in the preceding figures No. 217 t 
220, for this tube does not form one of the walls of the small steam chan 
ber behind its orifice — *the chamber being a separate part complete in itsel 
and having a semicircular recess formed at one side, into which the vj 
cuum pipe is received. There is therefore, between the interior of th 
vacuum tube and the steam without, not only the thickness of the metal o 
which that tube is fabricated, but also the thickness of the plate of whic 
the steam chamber is made. Floats are arranged in the interior of th 
receiving vessels, so that when one of the latter is filled with water froi 
the one below, the float - opens a valve to admit the atmosphere to prej 
the contents into the vessel next above it. 

There is another mode of raising water to considerable elevations hj a 
apparatus like Nos. 217 and 220, and for which they seem much hette 
adapted than any other, viz, by admitting portions of air to mix with th 
ascending liquid, as in the examples given at pp. 224, 225. No air-tigl 
receiver would then be required, as both the air and water would be dis 
charged with the steam at the open end of the blowing tube, which, fo 
the reason already stated, should be inclined downwards. 

Wherever large volumes of air are required to be withdrawn, as in th 
ventilation of mines, these instruments we believe would be found as efi 
cient and economical as any device yet tried. A number of vacuum tubei 
whose lower ends were made to terminate in different parts of a mine- 
(they might be of leather or other flexible materials, so as readily to b 
moved wherever required) — and whose upper ones were connected t 
one or more blowing tubes through which currents of steam were coi 

cfQTitlxr rvaocmor xx/ifTirlra \xr thp* nnvimiS va.nnrfi from beloV 
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might be beneficially applied to large blowing tubes, and thus contribute 
to the same result. 

There are other useful applications of these blowing instruments. One 
of our first attempts was to employ them as substitutes for the expensive 
air-pumps worked by steam-engines, employed in evaporating sirups and 
refining sugar by Howard’s vacuum plan. 



We fitted up a very strong old still, (No. 221) three feet in diameter and 
about the same in depth. A jacket of copper was fitted to its lower part 
so as to form a double bottom. The discharging pipe passed through the 
jacket, and was closed by a valve V. Steam being conveyed into th© 
jacket heated the liquid within the still, but instead of taking steam from 
the boiler expressly for this purpose, we made use of that by which the 
vacuum was produced. The open end of a blowing tube was inserted 
into the jacket as represented. in the cut, and the vacuum tube B connected 
by a cock to the neck of the still, C the steam cock and pipe leading to 
the boiler. D a pipe that conveyed the surplus steam from the jacket 
into the chimney. The orifice of the vacuum pipe within the blowing one 
was three-eighths of an inch diameter, and the annular space around it for 
the passage of the steam was the same as in No. 217. At the first trial 
with this apparatus, 25 gallons of sirup were put into 4;he still through the 
funnel, ana the cock shut. The steam cock C was then opened, and in a 
few moments the mercury in the gauge rose 15 inches, but in eight minutes 
fell to 10 inches, the fall being occasioned bjr the evolution of vapor in the 
still. The steam in the boiler was raised higher, until the mercury rose 
to 16 inches j but after the operation had been continued about half an 
hour it commenced rising, and was at 18 inches when the experiment was 
closed. On another trial 32 gallons of sirup were poured in, and when 
C was opened the mercury rose to 22 inches, but in ten minutes fell to 17. 
In half an hour it began slowly to rise, and in fifteen minutes reached to 
20 inches, at which height it remained when the concentrated sirup was 
withdrawn. 

Had a double tube like No. 220 been used, the vacuum might probably 
have been carried to 28 or 29 inches, and the operation performed in much 
less time. The experiment however shows how small a tube can with- 
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draw the vapor arising from a surface of seven square feet. It would he 
an advantage to apply two or perhaps three separate blowing tubes, of 
different sizes, to each sugar pan — using the largest first, to draw off the 
the bulk of the vapor, and finishing with the smaller ones. There would 
be a saving of steam, and the vacuum might be carried higher towards 
the close of an operation with a very small tube and current. 

Another mode of using these tubes to promote evaporation, is to draw 
air through liquids instead of forcing it through them with pumps, as in 
the pneumatic processes of concentrating sirups. An open boiler, four feet 
in diameter, was inverted and placed in another over a fire and containing 
sirup : a blowing tube, the orifice of whose vacuum pipe was three-fourths 
of an inch diameter, was connected to the inverted vessel, and it drew so 
much air under the edges as to cool the liquid to such a degree that the 
operation, of concentration was prolonged to twice the ordinary time. 

While engaged in making the experiments described in this chapter, (in 
1835) and stimulated by the conviction that we were the first thus to apply 
currents of steam. for the purposes of raising water and promoting the 
evaporation of liquids at low temperatures, &c. we were exceedingly sur- 
prised to learn that something of the kind had been previously done, or 
proposed to be done, in France. As we had made preparations to secure 
the invention by a patent here, and by others in Europe, our experiments 
were discontinued with a view to ascertain the particulars of the French 
plan, that it might be known whether we were traveling on beaten ground 
or not ; but to the present time we have not obtained any specific descrip- 
tion of it, nor do we know whether it consisted of a jet of steam discharged 
through the centre of a tube, as in Nos. 208, 210, and as applied to in- 
crease the draft of chimneys in locomotive carriages, or whether the jet 
was directed over the outside of a part or the whole of the end of 
vacuum tube — nor have we learnt what degree of rarefaction was obtained. 
We have therefore concluded to insert the preceding notice of our labors, 
that since we cannot claim priority in the research, we may be allowed 
the credit, if any be due, for our modes of application, and the extent to 
which they carried the vacuum and are obviously capable of carrying it, 
especially by such devices as No. 220. 

The whole of the devices, from the blowing tubes described in the last 
chapter to the apparatus for boiling sugar in vacuo described in this, with 
the exception of the patented plan of raising water by a series of vessels 
on different levels, originated entirely with ourselves, nor were we in- 
debted either directly or remotely for so much as a hint in maturing them 
to any persons or writings whatever ; and upon them we have also spent 
no inconsiderable amount both of time and money. But as we have on 
several occasions shown that new devices, so called, are often old ones, it 
is but just that we should mete to ourselves the same measure which we 
hav6 given to others. We therefore with pleasure record the fact, that at 
a meeting of the Paris Academy of Arts and Sciences, held in January, 
1833, M. Pellatans read a paper on the dynamic effects of a jet of steani, 
of which a notice (not a description of the plan) was published in an Eng- 
lish journal, and copied into the Journal of the Franklin Institute for March 
of the same year — vol. x, 2d series, p. 195. 

There is also described in the London Mechanics’ Magazine, vol. m, p. 
275, an experiment of a current of air from a bellows directed over the 
orifice of an inverted glass funnel, which was placed in a saucer filled vnth 
water. From this (which we did not see till recently) the blowing tubes 
described in the last chapter might, with a little ingenuity, have been 
deduced. 
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CHAPTER IV 


spouting tubes — Water easily disturbed— 'Force economically transmitted by the oscillation of liquid* 
—Experiments on the ascent of water in di8ferently shaped tubes — ^Application of one form to siphons— 
Movement given to spouting tubes — ^These produce a jet both by their ascent and descent — Experiments 
(vith plain conical tubes — Spouting tubes with air pipes attached — ^Experiments with various sized tubes 
—Observations respecting their movements — Advantages arising from inertia — Modes of communicating 
notion to spouting tubes — Purposes for which they are applicable — ^The Soufflour. 


There is a simple mode of raising water which to our knowledge has 
never been adopted, nor yet suggested — viz. by straight and open pipes, or, 
as they might be named, spouting tubes. 

Water is raised in the ram (No. 168) by the force which the liquid ac- 
quires in flowing through descending channels, but in the instruments to 
which we now refer, the same effect is produced by its momentum in 
passing up vertical ones. So far as respects the force of a liquid in mo- 
tion, it makes little difference in what direction it moves — whether the 
liquid rise perpendicularly, or having first descended at one angle it ascend 
at another. A jet d^eau, deducting all resistances, rises with the velocity 
with which it would fall through the same space ; but in practice, the ve- 
locity is diminished by the length, figure and dimensions of the channel 
through which the liquid flows, and of the ajutage from which it escapes. 

Every person's experience teaches him, that a very small force is suffi- 
cient to disturb a large body of water, and that the consequent movement 
of the liquid is long continued after the force is withdrawn. A stone dropt 
into a tank, or thrown into a pond, causes waves to rise and roll to and 
fro over their whole surfaces, and some time elapses ere the movements 
cease. Days and even weeks elapse after a storm is over before the ocean 
recovers its previous repose. This effect is the result of the great mobility 
of water j its particles move with such extreme facility among themselves,, 
and so actively impart their motion to each other, that a force once com- 
municated to them is long ere it becomes exhausted. It is the same to a 
certain extent when waves rise and fall within tubes ; for although the 
friction of liquids against the sides of these channels is considerable, espe- 
cially in small ones, still the force in the central parts is but slowly con- 
sumed. A device therefore by which the oscillation of liquids is employed 
in transmitting forces, will probably consume as little in the ti'ansit as any 
mechanical device known. 

It has already been remarked, that the momentum of a flowing liquid 
suffers less in passing through a short than through a long tube — through 
a straight than a crooked one ; and we may add that this is more especially 
true when the figure of the tube is expressly designed to facilitate the 
passage of the moving liquid, instead of being uniform in its bore through- 
out. Now in these particulars spouting tubes are eminently superior to 
others, or they may be made so. They are short, straight, and of a form 
adapted to the rising wave within them. 

Motion is imparted to water in a spouting tube either by depressing the 
liquid below the orifice and then admlttinf? it to enter, or bv excludiner it 
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the will rise witlnn it fine moment its end is opened ; bu 

depend upon the length and figurti of the tube, and the relative pro 
of its two orifie.es, whether tln^ lujiiid rush up above the surface \ 
or slowly reach it and iluire rernaun 

The following an^ H(d(*ct tnl from a number of experiments made 
years ago. Insusid oi' closing the lower orifice, the tipper one wai 
with the fore finger, the confined air acting the part of a cork, ai 
venting tiie liquid from entering until the finger was removed. 



1.— No. a rylindriful glass tube, IB ii)edi(*B long and 1 
bor(^ its tipper orifice was eloHeil air«tight by the fingiT, and th 
oiHt then held four inches umler tlit^ Hurfiice of the water in tk 
IJpcw rildiig the finger, the liquid rone in the tube six inch(*s; 
momtuitum 'carried it two inches higher thaii the surface in the 
ami lifter a few ii«cilhut«mB it settled at tins sfime level Oy 
tulaii of vafif»«a were tried at ^lifFetMUit depths, and the aver 
tent of the rke (above the nurface) was et|un] to half the Jengtlmif 
of the tulm Itnmi'riiial behiw tlie mtrfaci*. If No. 222 dipped foui 
the rise was twii—if eight inches, it was four—iind if twelve, if 
Hv I’onfmcting either nrifiee iht^ effect wan tliminishetl 

U.— Nt». 22:1, a tubr* slightly conical, IG inches long, 
tneief or isire id the Inrgt? tuid liftlf an irndi, ami that of thc^ small j 
third i»r an iudi. 'fhe rUe of the rapna in this exceedtal that in ' 
Whentricil with the larg'Muid up. liftlo or no rise tm>k place. 

Exfim. Ill— N%a 221, ftiioflier f:uiH% IH inches in length, the ( 
of wliiwti tipper orifice Was ihfei'toiixlee.nfliH and of the lower sevet 
ofnriirmh. Four and a half imdies of the Itiwer part was cyl 
When dipped finir inches in water nnd fln^ finger removed, the lie 
but two incites nlmvi* the Hiirfari% Tliis was owing to the cylindri 
of the lower pari of tin* tula*, all the water lliat tmteiaal bcung rec 
fill the l*iwer part. When the tltp wtw six incln^s, the rise was fiv 
flic hu. parsed out of the lulie ami ascemled sixteen itmhos. 
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feet, and sixteen inches dip caused, it to ascend over seven feet. The rise 
in cylindrical tubes, we have seen, bore the same relation to the dip at 
various depths ; but this experiment shows that the elevation of the jet in 
conical tubes increases in a much greater ratio. 

Exfer. IV. — To include the extreme proportions between the two ori- 
fices, we next took a matrass or bolt head (No. 225) and cut a portion 
from the globe opposite the junction of the neck or pipe. The opening 
thus made was 3^ inches, and the orifice of the tube three-tenths. When 
the lower end was thrust two inches below the surface, scarcely any rise 
took place upon removing the finger; and when half the length of the 
whole was immersed, say ten inches, the rise did not exceed six or seven. 
The reason was plain ; the large volume of air contained in the lower part 
could not be expelled instantaneously by the pressure of the liquid column 
through the small orifice above, but the force of the ascending liquid was 
consumed in doing this. Various portions were now cut from the lower 
part, with a view to ascertain the greatest rise that could be obtained with 
a dip of four inches. This occurred when the diameter of the lower end 
was reduced to If inches : the liquid then rose between nine and ten 
inches above the surface. The upper end was now heated in the flame 
of a lamp, and the boro enlarged by pressing into it a tapered piece of 
wood, till the end resembled the conical ajutage C 1) in No. 201. This 
caused the liquid to rise an inch higher. 

Exper. V. — A number of conical tubes of the same length, (21 inches) 
whose wide ends diverged or flared differently, were next procured, with 
the vi(sw of selecting those through wliich the jet rose the highest, as 
affording an approximation to the best form. Tiie one repres(mted at No. 
22G gave a bettor result than any other. With a dip of four inches the 
jet rose tliirteen. The diameter of its lower orifice was 1,0 inches, and 
that of tlio upper one .4 : three inches below the latter, the boro was .2, 
At seven inebes from the small end, the bore was .3 — at fourteen inches, 
.4 — and at seventeen inches, .5. Tho curve given to the flaring part of 
the lower end should be that which the fluid itself assumes in entering; 
but that given in tho figure is sufficient for all practical purposes to which 
small instruments of this kind arc applicable. 

Before proceeding we may observe, that these instruments, simple as 
they are, and even when charged in the manner indicated above, are sua- 
ceptible of some useful applications ; among which may bo named siphons. 
If the tube No. 226 were bent in the form of one, it might l>e applied in 
numerous cases to transfer acids or other lapuds ; and as it would be 
cliarged by the mere act of inserting its short leg into the liquid to be 
withdrawn, there could be no danger from sucking, he. m in using the 
ordinary instrument. It will moreover be perceived from the third expe- 
riment, dmt the extent to witich these siphons are applicable increaHes 
with tho depth to which the short leg can be immersed : out as this chapt<*r 
is appropriated to the application of spouting tubes to raise water f Venn 
one level and discharge it at a higher onti, their employment as siphons 
will be illustrated in a subsequent part of this volume. 

It will at once occur to every machinist, that to render these tul)0S of 
any practical value for rai.siiig water, some mode of working them vary 
diferent from that of alternaudy opening and closing the uppcir orifice witli 
the finger, and raising them wholly out of and then, plunging them into thti 
liquid, would be required : a mode of regularly and rapidly depressing 
the liquid within them, that the wave formed by its ascent might rise and 
fall uniformly. 

There is a simple way of doing this : — If the whole of the tube No. 227 
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be sunk perpendicularly in water, except one or two inches by wHcbit- 
held, and then raised eight or ten inches, air will enter the small orifi 
and fill the part previously occupied by the liquid : if the upward 
ment be very slow, the air will gradually fill the interior without disturbin 
the surface of the liquid ; but if the tube be raised by a rapid movemet 
or slight jerk, the air will then rush into the void with a force that wi 
push down the liquid before it to a considerable depth, so that on the r« 
ascent of the liquid its momentum will project a portion in the form of 
jet, precisely like Nos. 224, 225 and 226. It is surprising how elevate 
a wave is generated in the tube by the slightest ascent of the latter, pj.^ 
vided its movement be made sufficiently quick. The rise of the wate 
too, follows that of the tube so rapidly that most observers at first suppos 
them to rise simultaneously. The fact is, the liquid when , depressed r< 
turns with such velocity as to escape from the tube the instant the stroh 
is finished, and even before its motion be slackened. 

Exper. VI. A jet may he produced by the descent of the tube as well j 
by its ascent. Let No. 22S be so held that its lower end dip not more the 
an inch, or an inch and a half in the water, and then be pushed quick! 
down eight or ten inches — a stream will be projected from its upper oi 
fice to. an elevation of six or seven feet, and will be instantly followed I 
another that will reach nearly as high. The same cause operates here i 
in the upward movement, but it is differently excited. A small part oh 
of the air within is expelled at the end of the stroke, on account of tl 
tube’s rapid descent, and consequently the water is prevented from ente 
ing; but as soon as this movement of the tube ceases, the liquid rushea 
and a portion ascends in the form of a jet. On the subsequent ebb of tl 
wave within, another one rises nearly equal to the first, and causes tl 
second jet. The following experiment will illustrate both movements 
A small glass tube eight inches long, its wide end an inch and five-eight 
diameter and its small end one-eighth, was employed. By its upwa 
movement or stroke the extremity of the jet reached to an elevation of nb 
feet. By the downward stroke a jet rose six feet, which was succeeds 
by another that reached four feet and a half.. Now if both movemei 
are properly combined in a spouting tube of large dimensions, we belie’ 
the instrument may be made to raise as much water, in circumstanc 
adapted to its employment, as any other hydro-pneumatic machine. 

If the figure given to No. 226 should be found better adapted than ai 
other when the tube is used as a siphon, it does not therefore follow tl 
the same form would be the most suitable to produce jets of water, 
the former case the instrument acts while at rest, but in the latter a cc 
stant and rapid movement is required : hence, to prevent an unnecessa 
expenditure of the power employed, it should be so formed as to prese 
as little opposing surface to the resistance of the dense fluid in which 
works as is consistent with the elevation, or quantity of water to be rais 
by it. This remark applies particularly to the lower or wide end, for 
that part he suddenly expanded or flared like a trumpet, a volume of wal 
of equal diameter has to be displaced in the reservoir every time the tu 
is pushed down, and also a ring of water whose external diameter is t 
same (the internal one being bounded by the tube) every time the lat 
is lifted up. When .used as spouting tubes the lower end should the 
fore flate very little, if any, unless in cases where the outlay of power 
work them is of little consequence or of secondary importance. T 
upper end of a spouting tube, when intended to throw jets from its onfi 
should not diverge like that of No. 226, since the elevation of the stre 
would be thereby diminished : instead of rising in a compact jet, it woi 
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panded and broken. When, however, orje of these 
ided to deliver water at a level with its upper orifice 
larging orifice should resemble that of No. 226, or C T) 
□creased discharge of the liquid would in that case take 
DW of air would enter on the ascent of the tube, and a 
'ater flow out on its return. . 

^ number of conical tubes, ten inches long, were 
ameter of the small ends of all was J inch, while the 
spectively 4 inches, 3J, 3, 2f, 2^^, 2j, 2, If, 1^, If and 
se, two cylindrical ones of f inch and f inch bore, 
al tubes no jet could be produced by any movement 
.or quick or slow, however deep they were immersed ; 
were inclined. When the conical ones were immersed 
and worked without plunging them deeper, no water 
the cause of this however was not the same in all. In 
largest, the parts below the surface were too capacious 
tneously with air through the small orifice above as they 
sound made by the entering fluid (like a person gaspitig 
L this, especially in the largest. Butin the smaller sizes, 
fast as they were raised, and consequently disturbed but 
3 of the liquid within. 

3 f them was immersed within an inch of the small end 
7V0 or three inches up and down, a jet was thrown out, 
s ones with considerable force, on account of the greater 
put in motion in their lower part. Still, however, the 
high from the large as from some of the smaller tubes, 
of the former converged so rapidly to the discharging 
mid particles crossed and counteracted each other as they 
Lindrical ajutages soldered on two of the largest made 
vement. The disadvantages of making the lower parts 

too wide or spacious for the 
entering air fully to occupy, 
was also very apparent wb o ii 
the tubes were raised five or 
six inches .in working them. 
The water within not being 
wholly displaced, it hung in 
T them as in an inverted tum- 
bler or bucket, and conse- 
quently its weight was add- 
ed to that of the tube. This 
not only required an increase 
of force, but the intended 
effect was diminished and in 
a great measure destroyed. 
The same thing of course 
occurs if a smaller tube be 
used, with a large additional 
part to its lower extremity, 
as at No. 229. To obviate 
this by furnishing a larger 
supply than would enter the 
smaller orifice, we adantc^d 
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force required to work the larger tubes was very sensible, but with the 
smaller ones it was scarcely appreciable. Those whose larger endk were 
2 inches and inches produced the highest jets, but they were obviously 
too much tapered for practical purposes, and even the sides of the smallest 
one named, formed too large an angle to be applied with advantage at 
great depths. 

The tube No.’ 230, two fecL one incli in length, was made of tin plate. 
It consisted of a conical piece 22 inches long, inches wide at one end 
and I inch at the other. To the wide end a flaring piece, 3 inches long 
and 4- diameter at the lo\ver edge, was added. This piece was made oT 
sljeet lead for the convenience of forming it. When wholly immersed in 
water, except 2 or 3 inches by which it was held, this tube threw a jet 15 
feet high. By the Upward stroke the jet rose 12 feet. When the diverg- 
ing ajutage A (whose contracted part was the same as the orifice of tSa 
tube) was slipped on the latter, the jet was dispersed before it rose 8 feet 
An inch was cut off the lower end, leaving the diameter 3 inches, upon 
which the jet rose to about 14 feet. Another inch was then removed, 
when it rose still lower; yet it might still, by a q^iiick back stroke, be 
thrown nearly as high as at the first. *It would therefore seem, that al- 
though a large flaring end requires more force to raise it than a small one, 
jriec the increased velocity required to be given to the downward stroke, 
in order to rt:^isc the jet to an equal height, comes to much the same thing. 
There is a Vay however by which the resistance which a large flaring end 
meets with from the water may be avoided in the upioard stroke, viz. by 
enclosing the tube in an air 7 tiglit cylindrical one, of the diameter of tho 
flaring end, as represented by the dotted lines in No. 230 : or the instru- 
ihcnt might be inserted in a wooden tube, whose specific gravity was 
about tho same or rather less than that of water. 

No. 231 was 3j feet long, formed of copper, and of a regular taper to 
within four inches of its lower end. Its diameter at the small end was 
half an inch, and at the lower end 3J inches, to wliich a piece flared out 
to, six inches was added. By an upward stroke of 18 inches, the jet rose 
17 feet; and.by a downward stroke of one foot, it rose to the same height, 
(Those measurements, and the others mentioned, relate to the extreme 
height to which a small part only 'of the liquid rose. Tho main body of 
the jet seldom reached over two-thirds of the distance.) When the up- 
ward stroke was continued 2^* feqt, the rushing air pushed all the water 
out of the tube, and rose up on. the outside. 

Exper, VIII. — ^W o next prepared a larger tube, and arranged it so as 
to. bo worked in-a light wooden frame, which was secured in a wine- pipe 
filled with. water, (See No, 233. The wine cask >s omitted.) ’ This in- 
atrumoiit was deemed equal to ariy that was tried-r-the quantity of water, 
and tho elevation to which it was raised, being compared with the force 
employed* It should not, however, be considered as exhibiting anything 
like the maximum effect which' spouting tubes are capable of producing*, 
because the friction of the liquid m passing through so small an orifice aa 
that of No. 233 was very considorable. The reader is therefore requested 
to bear in mind, that the larger the bore of these tubes, the more favorable 
would be the result ; and that, although jets of water may be thrown very 
high by them, yet they are hotter adapted to raise large volumes of water 
to small heights. 

The tube No. 233 was five feet long. It was composed of one piece 4 
feet 4 inches in length, .75 of an inch diameter at one end, and 2.9 inches 
at the otlier. To this end a piece 5 inches long was added, which made 
tho diameter 5.5 inches ; and to this another piece 3 inches long, which 


j extremo end of the tubo 7.5 inobes diamotcr. Tlio tube as thus 
ms secured to a straight strip of wood of nearly tho same length, 
s of throe co])por strajia, which wore soldered to the tube and 
to tho wood. (See tho Hguro.) About a foot from each end and 

0 back of tho strip, two pieces of wood, 3 iuchos long aiid 
ivii secured. They projected half an inch over each side of the 

1 wore hcvolcd at tlie ends, so as to fit into and slido readily up 
u in a dovetailed groove formed on tho faco of the j)ost F F, 
at was secured in an inclined position, as represented. When 
)03 aro used they should always be inclined,* that tlio water once 
bo VO the orifice muy not fall into it again and run back, The 
if tho water in the cask was 13 inches below the upj)or end of tho 
1 upon working tho latter tho jot of an inch diameter) rose 22 
piece of pipe was next slippea on tho end, which made the tube 
tigor, and reduced tho orifice to lialf an inch, when tho jot rose 
ny higlior than hoforo, Another tapered piece of pipe was added 
.St, making tho orifice fivo-Bixtecntlia of an inch, upon 'which the 
lot ascend over six or eight feet. An air-jnpo, figured auNo. 232, 

^ added, that tho water might bo fully duiirosBcd in tbo lube on its 
jut tho jet was so pinched at tho orifice that no obvious cliango 
jeivocL 

pwavd stroke ouglit to bo so roguktjod, that tlie air in. rushing 
ould push nearly all tlie waler out of the lube, that tho wave in 
:iy bo urged up with the full [iroNHure of that above it in the re- 
liorico tlio do V alien of the j(^t [> reduced by the upward stroke of 
ig tubo doponds cliiidly upon the depth of its imniersioii, Futif 
iird movement cxdiulo nearly all die water, tho downward one 
with duo velocity provtnits it, or much of it, from entering before 
itself gets nearly to tlie end of its stroke, and cou8oc|uently tho 
height; of ilio hydrostatic coluniu is thou increased to an extent 
the length of the Hlroko. On tho other liaud, if tlio upward 
ut bo made so (piiidc l.lmt the air Ims not time to fill tho enlarged 
low before the stroke is (iiiisluul, tlien Iltlle or no rise will take 
The rmeratiou in this (Uise Is the converse of the experiment wltli 
ass, No. 225. 

i the movements of one of theHO iiistrainents are properly timed, 
la of the descending air and ascending litpiicl is peculiarly bone 
In orcUuary machines, where die direction of moving masses is 
I, or when they are altenuitely lirought into a state of rest and 
tho hiortia is overcome liy an outlay of die force employed j hut 
:)t tho case with spouting tubes, Tims when a tube is raised, tho 
ends into tho vacuity left ]>y the retiring liquid, and when its ino- 
is oxpondod, its Tnotiou is continued by inertia alone, and conse- 
tho water is puslicd down still furdior. Thou again, on die aacimt 
iqitid tho elevation of the jet, or die volume discharged, will lie 
tl if the inerlia of dm rising wave be HufTered to expend itself 
inteiTerenco hy an niilimely movi'ment of the instnirnent. 
liprocuting rectiiiriiuir movenumt might he given to spouting tubes 
ing-pole, ufl in llm ernme hjdnndifiue* Tho movement, however, 
in regulated hy that oflln^ wave. Tliis might bo accomplished in 
lies by connecting to tho moving anparatus a licavy pendulum, 
ength could bo increastal or dimlniahcd according to tlmt of the 

tank or rosorvoir Im not sufficiently dec[> for tho employment of 
bos, an opening of tlie proper size and dtqidi might bo mode at 
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the corner or sulo in wliich to work thorn. When water is to he discharged 
on a level with the orifice, the upper part of tlio tulm should slide through 
another lixed to and standing above the bottom of the receiving olaturn, 
that tho liquid when onco raised may not run back; and, for the same 
reason, the tube should bo inrdiued, Among other usoa to wliiuh they 
are applicable is that of occasioiiully watering or waaliing trees ami 
plants. In public gardens aiul other places, wlu'ro a jet d‘oau cannot 
otherwiao bo couveniontly oliUuned, these instruments mlglit l)o placed 
in a reservoir and moved by concealed muehaiiimn, so as to produce oiioj 
and although it would consist of asuccesaioii of jets, tlio movomonta might 
bo so reguiiited tliat tln^ would ap[)ear but one. The motion of lliouiho 
itself might also bo hid, by making it play in the interior of a fixed quo, 
abovo whoso orifice it need not {imuriule, In this manner tho air in fac* 
torioa, lloa^)italM, and rooms of jirivate dwollings, might bo koj^it cool, and, 
byporfiimmg tho water, rendered very *agreealilo and rofraslimg in sultry 
woHthor, In fact, at every place where a fountain is desirablo, a vaso 
and spouting tubo might be used. 

Tho oxnnrimonta we have given are very imperfect, Imi ilioy may aorvo 
.to oxolto ihoHo persons who have leisure anti iqiporumity to pursuo tho 
subject. This metlo of raising water is ilosiMwing of ii rigid investigatign, 
and will amply repay all the labtu* exptuuUul upen it. 

There is a natural illustration of Hjimuing tuln*s in the or 

Blower, on tho south side of tho Mauruins. IMu' aciitm of the waves hn« 
undormlnod some rocks that run out into the m‘a frum ilu' main land, and 
has worn two piissugos that oficm vurtically ujiwanlfl. They are repro- 
son tod “ as smooth and cyibulrical [conical I j us if cut by a chirtol.” When 
a heavy sea rolls in, it fllla in an instant tlm cavenm unilerneatli, and linding 
no otliur egresH, a part in forced up tiie lubes to an elevation of sixty foot, 
TJio moment tiie wav(»» recede, the vacuum loll by them causes tho wind 
to rush into the apenurea with a neise tliat is lieard at a considerablo tlk- 
tanco, (See a doscrii>tion of this plnuHiinmien in t)io Hmunlay Magazine, 
vol. vi, p, 77. 
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CHAPTER V. 


Bvlcos for raising water— .Thoir influence — More common than other iiaiiirnl op orations— 
fiolf-moving hyUraullc engine — Stroama flowing ou its surfaoc— Olliers ojoclofl from its 
torrnnoan cUtorns, tubes and siphons— Intermitting springs — Natural rams and pressuro 
ipUon of watgr ou liio const of Italy— Water raised in vapor — Cloudit— Water raised by 
era — ^Earthquakes— Vegetation — Advantages of studying it — Erroneous views of Aiture hap« 
iilatioii of sap— This fluid wonderfully varied in its effects and movemontB — PiLohor plant 
i canoB — ^’rrooa of Australia — Endosniosis — Waterspouts— Ascent of liquids by capillary 
'oimcUyand other properties of liquids — Ascent of liquids up inclined planes— Liquid drops 
brm dlfluaiou when not couiUerautod by gravity — Their form dud size — Soft and Itard 
scent of water in capillary tuhos limited only by its volunio — Cohoslon of liquids— Ascent 
aigh sand and rags— Kiso of oil in lamp wicks ond through Iho pores of boxwood 


E taking leave of avuficiial.nfiacliincs for raising water, a few of tho 
i-ninent of thoso whicli nature employs may be noticed ; for, after 
est of human contrivances are but imitations of hers, 
ictent to which raising of water is carried by nature is wonderful, 
who liave not reflected on the subject would lihi’dly suspect tho 
which this operation exerts on our globe; yet it is one which 
tor has adopted to bring about results upon which tho happinoss 
igs living depend. To tho elovation of water into tho atmosphere, 
3turn to tlio earth, tho formation of continents and islands, lakes, 
untains, valleys, plains, gravel, sand, mould, &c, are due, Tho 
if soil, growth of vogo tables, and life of animals, are also to be 
1 in a greater or less degree to the same source, * 

;uro’s machinery, devices to raise, diffuse and collect water are 
commoiu They pervade all her works — the most magnificent 
most minute : and if wo turn our thoughts to the world at largo 
implate it as a whole, wo find it performing the part of an immense 
i engine, one which never stops working, and whose energy never 
n almost every point of view this feature is obvious. In its ox** 
ir planet is rather aqueous than torrono, TIiroe*fourths of its 
,ro sunk into basins and scooped into channels for tho reception 
jmisgion of water j more than one-half is occupied by tho ocean, 
;ipal reservoir ; while tho othor Jialf is intersected in every direc- 
akos, rivers, and rivulets innumerable, lb at convey tho dispersed 
ck to the sea. Tho imparted to water also exhibits every 

)f activity and agitation, from over whelming torrents and moun- 
vaves, to tho gontlo shower that descends as if dropt through tho 
dlender,” and the placid stream that glides imperceptibly by. 
les wo behold it running with tho speed of a raco horse, roar- 
ig rapids, leaping over precipices and darting down cataracts — 
bed into spray, there churned into foam ; now winding in eddies 
ating in whirlpools j passing through channels whoso paths aro 
as tnose of 'a serpent, and shooting through others straight as an 

channels and I'esorVoirs constitute, however, but a part of nature's 
c maolunory. In the inUmor of tho earth, are close and air^tigbt 
rs, arid tubes of every imaginable size and figure, and of inoon- 
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Cplval)lo 3t.rcngtli. Thcso rocoivft and tvanamit liquid columns whoso 
hyilroHtalic nrtissuro would sliivor tlio strongest conduits made by man 
while rlio voliinujs (tf \vat(‘r that pla.y within and pass tlirougli them render 
lUtorly iuslgnilicant all Hio producjta of artificial engines. Wo know that 
vivtM’H HoiiuUinioa diHchurge theniHidveH into salitcrrancons tubes, which 
traunporting the fluid t(» a distaruu?, again vomits it up. In this manner 
Wiitor is often conviyinl to places wlioro its appearance is dilRcult to 
aciuniiit for, hiunuiso of the li'.vol of all the neighboring regions beina 
far hohnv tlio aperture of (liscluirgo — this being sometimes on the summit 
of mounlainfl, and often at tlunr sides. 

But the trarifiiniHsiun (jf water from one lovol to another through pipes, 
ia one of the si trip lest operatii niH in natural as it is in artilicial hydrauHda^ 
The flexure of llio Lu1i(*h fabricatetl Iry nature convert some of them into 
siphons, and lh(^«o ofuni decant tho contents of caverns in which water 
slowly uccuinulales. The liquid risos till it flows over the highest bond 
in tho lube, and tlie Hipliou iKiing thus ehargod continues in operation, like 
oiin of ours, until tho rt'servoir tJuit supplies it Im emptied, or tho contents 
reduced to a levtd with tlur t^xtenuil orilico of tlio discharging log. Tho 
action tlien ceaseH until tlu^ oavorn bo again filled and tho operation 
renewed, Horico interniitting springs, and some of those that ebb and 
{law. 

Natural nuiohincK aiialcigous to water-ramR, prossura ongincs, find foun- 
tainft of comproBHiou are doubtloRfl also in operation in tho boweds of the 
twth, lu tlie inlrlcato and iniinilely vane gated cliasms and fissures 
tUrtmgli vvlilcli water ia falling and gases collecting, the principlcB of those 
lUachuieH nmat ueciuiHarily be often excited, and on scales of magnitude 
calcnliUeil to alrike ua with awe, It is not improlmblo that some of those 
liorrlhlt' (‘rujuiiuiH nieulhuuul in history and otliors that have occurred at 
Bca wlilumt Intniau wituesHcH weri^ onbeted by machinery of this descrip-, 
tion. 'riie Htilmipieourt tn-iquiou whicli occurred on the south-west coast 
of Jinly, in 1 h:{ 1, was probably fin exiuiiplo. A column of water, 800 
yartls in <drcinid»*remM', was I’orc.tul to an elovatiou of sixty foot, and an 
island formed of the solid tuateriids clispUicod, 

lint uatuml dovictsB urn not conlitjod to sucli a» raise liciuidsby the mo- 
mentum lliey acquire in flt>wing llimugh tubos, or oacillatiiig m waves, 
nor by tlie hydiumtaiic pnmsuro of (um volume tratmiuitted by moans of 
airs to autaher. There ant «oino in wliicli water is raised liy solar heat, 
Tho liquid is converUui into stemin or vapor, in which state it is rendorod 
liglitnr than air, and conHequontly iiHcmulH, This may bo considored as 
imture’H favorite plan. It m in operation oviU’ywhoro, and always. By it 
water is drawn from every partofllio oartlda Buvfaco — both sou and land, 
and )»y it ticeaim of rite liquid are kt,q)t Buspendtul above us in tho^ form 
of deutls, until it again relurriH in Bhowt're of rain and drifts ofhail and 
ariow. Of ii»e quaiuity thuM elevriUul, wo may form some rude idea from 
the csdculalioiiK of Ilalh'y reapentlng that drawn daily from tho surface of 
tlm Metlilcrranean, viy,, liel ween lU'O and six millions ol tons I a‘ roault 
which he lUnhuuul IVoin expc^rifrn*nls, JO very person knows that canals 
requirn an extra supply f>f wnltn* In trunst the expenses of evaporation. 
By experinumta on tho c.aniil of Langiuuloc in Branco, the annual quan- 
tity thus home ofl' wns fouml to be i nearly throe feet in depth over its 
whole ama. Ckfiuk of vapor or atearn are often observed hanging over 
nuiraljy groiiml, until iho wind rines ami bnars them away, In hot sea- 
SfuiH copious steanu nmy be aemi ascending just after a shower 5 but in 
gcMieral mpiooua vapor thus generatcul, is invisible as it ia impalpa o* 
lu clear weathor, wo aro not sensible of its prosoiico or of its movemontaf 
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ATo literally live m it, as in tlio spray of a fountain, but our porceptious 
,rc too gross to detect it. 

How aimplo is this mode of raising water, and yet liow ofToctive I How 
ilently docs it work, and yet how sure 1 In its liquid state, water is too 
icavy to 1)0 suspend od in tlio firmament ; hence tlic Creator Inis made 
his provision to attenuate its panicles by lieat* It then vises iqiwnrds of 
ts own accord — neither wheels nor cranks, })nmps, .pistons, pipes,- nor 
iven ])ower is required to send them up, or to keep Uiem there ; and yet 
)illious of tons nro rising every hour, and accumulating in masses so 
p'cat as to Ijiilllo languago to describe or tlionglit to grasp. And, wbat 
s equally remarkable, neitlior cisterns are vo(]uirod to contain, nor cou- 
luits tlirongh whicli to convoy tbern. The pbenomenon leaches us how 
I, heavier fluid may ho suspenuod in a lighter one, and that the proposition 
)f water being BOO Umea Imavier tlmn air, is only conditionally true — 
loponding morely upon tho state in wbicb those fluids are ordinarily 
exhibited to ua. To increase onr admiration, tho salt water of the ocean 
8 during tho process of elevation distilled into fresh, thus furnishing 
unong other suggestions tliat hy whicli navigators have often adopted to 
jusLain lift) in tho oxtromitios of tliirst. 

Water is also contimuilly being converted into vapor and urged into 
ho utrnoaphoro by subterranean boat, Our planet may be considered, 
IS indeed it was hy tho ancients, as a cauldron, in which steam is gene- 
rated l)y ihofiCf fires whose /lues aro volcanos, Oceanfl (d* the Jhjuld are 
Incossautly but silently thrown up from thiH cause. Hut, as niighl; bo 
expected, from tliu intricate arrangonient of internal chambers and (diunnela 
sf cominnuicauon, steiitn must often accumulate iu cavities until its claRlicity 
h'ivofl up the water that seals the passage to tho surface. Hence boiling 
and th ennui springs, and Inmco also tlie hot spouting springs of I col and . 
A.ccordiug to Uhifsen, a Danish traveler, one of the Geysers oxliibited a 
jot at one time 19 foot in cliaiueter and 3G0 feet high I 

Modern authors explain the })lienornenon of earthquakes })y the accu- 
mulation of Htoarn in the hovvels of the earth. JNutiirch says tliO Stoic 
pliilosophcrs did tlio sunie ; InU long Indore Zeno app(umul the fipinion 
provniled, and caused the tqjilhet “ slinker of tlie oarlld’ to lie given to 
N(^tufie. Tho mochanicul as well as chemical operations going on within 
tho oartli, are wonderful in tlieir nature and terrible in extent. WoU 
miglit mythologist^ locate ibo workshops of tlio gods tlioro, and place the 
forges of Vulcan and tho Cyclops at tlio huso of volcanos. 

Of contrivanceH for raising liquids, as dovelopod in tbo organiviation of 
animals, wo took some notice in tho second and third books. Most if not 
all of them may bo considered moclificatloiiB of bcdlows and piston pumps. 
In tho vagotablo kingdom, other devices, and an oh as aro based on other 
principles, aro in actlvo tip oration. This portion of oroation exhibits In a 
striking light tho important part which devices for raising water perform 
in the constitution of our glolio. 1C very treo and every plant, from tho 
towering cedar of Lebanon, t;o tho hyssop that springe th out of tlio wall, 
from tho wido-sjiroading banyan to a wlioaton straw or melon vine, is a 
natural pump, tlirougli whoso tulios water is drawn from tho earth or 
imbibed from the air. 

There is sornotlnng exceedingly pleasing and sublime in the contempla- 
tion of dm growtli of vegetables, the germination of seeds, appearonco of 
sprouts, devclojimont of steins, branchos, loaves, budfi, blossoms, flowers, 
and fruits — their variegated forms, dimonBions, movomonta, colors, and 
odors. Some persona who have never turned tlioir attention to this subject* 
till the evening of thoir days, have boon astonialied at the wonders which' 
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burst on their view. A new state of existence seemed to open upon them. 
Their perception, and estimate of things were changed. , Instead of con- 
sidering the world as^ calculated only for what man too generally makes 
it — a scene for the display aiid gratification of the most groveling and 
sordid passions, they find it a theatre crowded with enchanting specimens 
of the Creator’s skill, the study of which imparts the sweetest pleasure 
and the knowledge of which constitutes the greatest wealth. * 

Those pious but mistaken people, who incessantly murmur against the 
world, and long to depart from ''this howling wilderness,” as they are 
ploased to term it, reproach their Maker by reviling his work. They are 
waiting for future displays of his glory, and neglect those ravishing ones 
bjr which they are surrounded, forgetting that" the whole earth ia full of 
his glory”— looking for sources of pleasure to come, and closing their 
eyes on those before^thom-^thirsting for the waters of heaven, and despia. 
ing the living fountains which the Father of all intellects has opened for 
them on earth. They seem to think happiness hereafter will not depend 
upon knowledge, or that knowledge will' be acquired without effort— a 
kind of passive enjoyment, independent of the exercise of their intellectual 
or spiritual energies. But they have no ground to hope for any such thing. 
Reasoning from analogy and the nature of mind, the happiness of spirit 
must consist in being imbued with a love of nature — in contemplating the 
wisdom and other attributes of the Deity, as they are unfolded in the works 
of creation. In what else ‘can it consist % It is not probable that human or 
finite beings of any class can ever know God except through the medium 
of hla works. 

It Is admitted that the study of nature is a source of exquisite pleasure 
to intelligent beings, and the most refined one too that the' mind can con- 
ceive it is also one that can never be exhausted. Those persons, therefore, 
who take no pleasure in examining the works of creation here, are little 
prepared to enter upon more extensive and scrutinizing views of them in 
other worlds. Tf they have no relish for an acquaintance with the Crea- 
tor’s works while they live, they have no right to expect new tastes for 
them after death. The works of God are all perfect; those in this world 
48 well as, those in others ; and he that can look with apathy on a tulip 
or a rose, a passion fiower or a lily, or any other production of a flower 
garden or a forest, has not begun to live. Besides, we are not sure that 
other worlds possess more captivating or moi'e ennobling subjects for 
contemplation and research — more thrilling proofs of the wisdom and 
beneficence of God. 

The circulation of sap (sometimes called the blood of plants) ia one of 
the most interesting of natural phenomena. It is connected with some of 
the most delightful feelings of our nature, and with the activity and joys 
of the brute creation. When in spring its action commences, a sensation 
of buoy an oy pervades all organized beings. ’ The earth begins to put on 
her richest attire — her iuliabitants rejoice in her approaching splendor, and 
exult in view of tho feasts preparing for .them. On the other hand, whea 
in autumn her freshness fades and Tier glory withers, all feel the change. 
How infinitely, varied are the effects of sap and the energy of its move- 
ments ! Rushing to the summit of the tallest trees, and lingering in tha 
grass of our meadows — shooting up perpendicularly in the poplar and 
pine, horizontally in tho branches of the baobab and oak, and descend- 
ing in those of the Indian figrtree and willow. Ip some plants, accumu- 
"^ating chiefly in their roots, as iii tlio turnip, radish, and potato, and 
emerging above ground in cucumbers and melons— ascending higher 
the bushes of currants and gooseberries, and ranging over those in apple. 
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lar troea. By what wonderful process is sap distilled into liquid 
in the and into wine in the grape 7 How is it elaborated 

lits of every flavor, and exhaled in porfumca from aweot scented 
ind in what manner does it contribute to produce every imao-inable 
nd tint in flowers 7 

vhat moans docs sap form a natm^al vase in 'pitclicr 'plants and 
atcr it as limpid water, along with rain and dow 7 This singular 
tioii of tho vegetable kingdom collects water from the earth and 
lioro in vessels of tlie same consistence and color as the leaves, 
•itclior is strongthoned by a hoop, and furnished with a cover or lid 
rns on a fibrous hinge: When dow or rain falls, this cover opens j 
soon as tho weather oloar.s, it closes and prevents tho water that 
I from being wasted by evaporation. There aro other plants which 
p water mucli in tho same way, Suoli wore the reeds tliat relieved 
do (one of the conquerors of Peru) and his companions from porish- 
.thirst. Qarcilasso, in his Cominontarios observes, ‘‘ Tho infor- 
thoy had of tlio water was from tho poopltj of the country, who 
thorn to iho canes, some of which contained six gaUo 7 iSf and some 

know that the juices of plants cannot be raised without force, and 
is forco must bo incroaseu witli tho elevation to which tho liquid is 
liftod. Animals oxort a muscular power in working the pumjis 
. in their bodios, and thoso machines they put in motion ut will, 
3 not tl )0 case with vogotiiblos : yet sap, tho palmlum of tlmir liib, 
[itod to tho tops of tho liighost trees, and apparently with tlie same 
as it is diffusod tlirougli microscopic plants. That tho forco b^ 
this is done is not latent or negative in its nature, is clear, since it 
Lsily bo rondorod tnanifost. Cut a branch from a vino in the spring 
ho sap is rising, and strotcli a pioco of india rubber over the end 
part that romaius, secure it by thread wound round tho stump, so 
ixoluclo till) air and prevent tho wound from healing. In a little 
tho caoutchouc will bo swollod or bulged out by tho. exuding 
,nd it will contlnno to swell, liowcvcr thick it may bo, till it burst, 
jjrears ago wo treated in this way somo brandies of an IsabolJa 
vino, and aflorwards applioJ to one of thorn a close vessel contain- 
rcury, in wliicli (ho lower cud of a long glass tubo was immersed 
view to measure tho forco oxcitoch In four days tlio mercury 
3 inches in tho tubo, being pushed up by tho sap wliicli took its 
n tho vosBol j and but for an accident, by which tho a])piiratu8 was 
i, it would probably have asoondod still liigher. 
this forco, great as it was, is small wliou compared witli that wliicli 
the fluid through trees that grow on tho Australian continont and 
Somo of thoHo rosomblo singlo tubes, and are filled with a somi- 
r soft pith. Tasman, the discovoror of Van Dieman’s Band, found 
hero whoso lowest brandies wore betweon CO and 70 foot above the 
1. Tho Frondi expedition son!; in soardi of tho lamonlod Porouso, 
on Cocoa island a tree nearly JOG foot high, and only t'/ircc mcJics 
meter. It was of so hard a texture, that it rosistod at first; tho 
St blows of an axo ; and when tho pith was taken out, tho thick* 
f tho wood did not ox coed of an inch — forming a perfect tubo. 

is treo was only half tho hoiglil; of sorno others in tho same regions; 
i^oral woro soon whoso diameters woro only seven or eight inches, 
hose tops towered upwards of 200 foot above the earth I The forco 
rives sap to such olovations is wonderful indeed ; and could it bo 
d as a mechanical agent, it would bo rcsislless as steam. It might 
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be supposed that a force so ojorgotic — ono that would ruptuvo pipejg 
which convoy water to our tlwolUugs — would vend asunder most of the 
doUcatp pores through wlileh It cirouilaUm 5 and so it would wero not their 
diameter 80^ cxcuodlngly small — lor tho strougth of tubes increases as their 
bore is dhmiiialuul. 

Tho aacont ofstip lian been ex[)lalnod hy Bndosmosis^ or tratisit of l^odioa 
tUrougli poroH. Hue tuM) iuteroMtiug papers on this subject in tho Journal 
of tlio Franklin InHtltuto, vela, xvii and xvill, l)y J,W, jjrapor, now Prof 
of OUoinistry in the Ntnv-York nnivoraity. 

Water t^pouis cenatitute a piuuiiiar class of naturo^s contrivances for 
raising water. ICluctricIty is «np[)os(nl to havo a controlling influonco in 
their furnuitien ; hut the iriudo by which it acta is not clearly understood. 
More water is drawn u[) by flunn within the same space of time tlian by 
any otlicir natural duvico. Tho liquid iippeiirs to ho Ijoruo up tho vortex 
moclianuuilly as solid auhatances are raised by whirlwinds, except that 
it ia broken by manseH of air rushing into and mixing with it. After 
arriving at the tO[» tjf the it ia diaperaed by lateral currents of wind. 

A drti[i of water Huspeuded Irom the couduotor of an electrifying madiinp 
ia fluppoHiul to exhibit a ininiaturo water Wlum a vessel of water 

is placed under it, and tho machine put in openuiou, the drop, aasumog 
tho various appuaranctm of a spout in its rise, form, and rnodo of diaap- 
nonrancu. Gloudit act us oisteniH in holding water raised by evaporation j 
but in water sponu they perform a more singular ])urt, since tlipy are 
moulded into visible nipus, through whlclt volumes of liquid aru convoyod 
as securely as through llioso miula of solid nuLtoriala. 

Allhough the rise of sap in trees is uttrlhuted to endesmosis, tlioro is 
reason to heliiu'e that capillary aUractim ttikus [lurt in tho [irocoas, as 
well ft« in a l.hmiHimd etlnn’ operations of nature, When one ond of a 
small gliiriH tidm in pliuuul in water, tho lujuid rlHOH within it; and tho 
huiglil to vvliicli it HHceudH in didhront tul)(^8, is invorsely aa tliuir diamo- 
tors. The plnmoinoiuwi more or 1 i*hh common to all liquids whon tho 
tulioa dln|nHl In them urn niadt^ of «uch iruiLoruils as they roiulily unito 
with. Tliis condition is necosHury, othtirwiHo tho liciuid would bo de- 
proslod. Water riws liiglmr than otlmr liquids in glass tnbua j and as 
tlmao inatrummus are transparent, they are always adopted In oxporimonta 
on this subject, ^ , 

The jdienommum of canillHrity has exorcised the ingenuity and loarn- 
iiig of tlio most ennnont pfuloHrqmors, and variouH arc the causes to which 
they have ullrlhutad it, Homo Hupjumml tho utinosphuric [)reS 9 iiro Ipse 
witliin tlio tuhoH than without, Uthors imagined an unknown fluid cir- 
culating ihrough them that boro tho liquid upj and soma aacribod it to 
moialuro on the inside of the tubes. An attrac.tivo force existing between 
the glass ami tlie wafer is now rnoro generally admitted ; and hence in 
tubas of very sujull Imns it is saiil, tho glass being nearer tho water, at- 
tracts it more poworlully, i. t^. raises it; hi gluu'— other writers think tho 
eirect ia due m oloctririiy. TIu^ snlijoct is aiirnitted to he an intricate one, 
and the nnannor in which if. )ms been Imndlod by aciomific rnmi, has not 
rendered it very accutfisiblo to ordinary reiulors, Witlmut looking for 
ulliinaiu caustm, the plmnoinonon, like that of an increased clischargo, 
through ilivorging ajidugc^s, may h<! traced to tho relative properties of 
the liquiil and ihe rnateriul of tho lube, and to tlm forco witli which 
parli(do .4 of liquids cuhure among ihernsidvos. 

CVpiilarY attraction is csdiihitod in a groat variety of forms, Particles 
of waior, like those of all otlmr Ihjuidrf, rotjuiro HonuJ force to separate 
thorn. A noodle or film of load while dry, will (lout; atid myriads of 
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Chap. 5.] Forms of Drops, 

gnats career on the surface of a pond as securely as on land. Some 
liquids are viscid, and may he drawn into threads; and even water may 
be stretched into sheets ere its substance be broken : bubbles produced 
during rains, and those pellicles sometimes formed over the mouths of 
small vials and tbo interstices of slevoa arc examples. Water, moreover, 
in common with other fluids, unites with some substances more readily 
than with others. It docs not combine with oils, nor adhere to substances 
impregnated with grease. Hence umbrellas and water-proof dresses are 
made of oiled silk ; and rain rolls oif the backs of ducks and other aquatic 
birds without wetting them, because these fowls dress their feathers with 
an unctuous fluid which their bodies secrete. 

When a vessel contains a liquid that readily unites with it, the liquid 
stands highest at the edges. Thus in cups of tea or tumblers of water, 
the fluid climbs up against the sides until it is considerably elevated above 
tbo general level. This is observable’ with milk in a pot, pitch in a caul- 
dron, oil in cans, mercury in Vessels lined with an amalgam ; melted tin 
in- tinned iron or capper vessels, and fused brass in an iron ladle whose 
interior has boon coated with the alloy, as in the process of hard soldering. 
If, on tlio other hand, a liquid has no affinity for, or will not unite witli 
the- substance of wliioh the vessel is made, an effect the reverse is pro- 
duced ; that is, the liquid is depressed at the sides, as when mercury is 
contained in a vessel of glass, wood, or earthen ware ; or even in ono of 
metal notdined with an amalgam, or with which the mercury cannot form 
one. The same thing occurs to fused brass, or lead or tin in crucibles, to 
water in greasy tubes or dishes, &c. 

The same thing, in anotlier form, occurs with drops of liquid. When 
water is sprinkled on a greasy surface, the particles remain separate how- 
ever near to each other. By blowing against them, they may be rolled 
over the plato on which they rest without leaving any portion behind ; 
but if the substance on which they are dropped .combi no readily with 
moisture their figure is changed ; each becomes flattened by spreading, 
60 that two adjacent drops quickly run together. A drop of oil or speck 
of grease makes a largo stain on a lady’s dress or a marble table. Quick- 
eilvor will not unite with marble, but a small portion dropped on a sheet 
of tin will spread over it like water on damp paper. A portion of tin- 
men’s solder kept in fusion on clean plates of tin or lead spreads, and is 
absorbed in like manner. When ink is spilt upon unsized paper, the lat- 
ter is stained to a considerable extent : round each drop a broad ring of 
moisture is formed ; tho darker and grosser particles remaining as a 
nucleus in the centre. 

' Tbo different forms which drops assume when pendent from solid 
bodies, arc governed by tho parts with which they are in contact. When 
water is sprinkled on a plate partly covered with grease, those particles 
that fall on the clean parts resemble very flat segments of spheres, wbilo 
those on the greased parts are larger portions of smaller spheres ; the 
liquid in these swelling out above tbo base on which they rest, in pre- 
ference to extending itself like the others upon it. A drop banging from 
the point of a wire is elongated vertically — if held between the finger 
and thumb, it may be stretched out horizontally. If suspended in a ring, 
its upper surface becomes hollow and its lower one convex, forming a 
species of liquid cup, and supported somewhat like^tho dishes whicli che- 
mists bang over lamps in moveable rings of brass. A drop of liquid in a 
capillary tube is thus supported j tho tube being nothing more than a 
deep ring, 

Ihe quantity of liquid contained in pendent drops varies with the 
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Ascent of Liquids against Gravity. [Book V, 

extent of surface in contact witli the supporting body. When one is ready 
to fall from an inclined object, as the bottom of a bucket or a tea cup, 
may be retained by making the bottom approach nearer to a level; the 
fluid then spreads and holds by a larger surface. This is illustrated in 
the case of m^etals: tin-plate workers commonly take up solder on the 
face of their irons. The under sides of these instruments are tinned 
and b^ing placed upon the metal, a larger or smaller portion is melted 
and borne off at pleasure. ■ An equal quantity of water may probably be 
thus suspended from a plane surface, as within a cylinder of the same 
area. 

^ Numerous facts show, that when not pulled down by gravity, liquids 
diffuse themselves uniformly on substances with which they combine— as 
much upwards as downwards. Small drops of water or ink dashed 
against vertical sheets of paper equally extend themselves from the 
centre. We arc so much in the habit of contemplating fluids in masses 
where gravitation greatly preponderates, that we overlook this property 
in them, or do not suspect its existence. The observation that water 
never runs “ up -liiir’ is proverbial, but it is not correct. Examples might 
be quoted, in wbmh it prefers to ascend an inclined plane to going down 
one — to rise in a wet channel, than- descend, in a dry one. Take a dry 
piece of glass, or china, the blade of a knife, or the bottom of a saucer, or 
almost any solid material, and dampen or slightly wet a part of it ; place 
a drop of ink or water near the edge of the wetted part, then incline the 
saucer so that the drop may be beneath, and make a channel of com- 
munication between them, by dravdng with a pointed instrument a small 
streak of fluid from one to the other. The instant this is done, a cur- 
rent will sot up with consi(ierahle velocity frorn the drop into the .thin 
shoot above. * 

This effect takes place on wood and on metals, and even paper. Pen- 
men, who have their paper inclined towards them often witness tha^ 
experiment in another form, especially when they make the bottom of 
their strokes thicker than the rest. The ink may then be seen to ascend 
from the bottom upon the removal of the pen. This takes’ place if the 
paper be held vertically. Again, when a large drop of ink falls on a 
book, it is customary to shake out that which remains in the pen, and to 
place the latter over the drop as in the act of writing ; upon which a large 
portion of the licmid enters the quill. This is then shaken, and the (Opera- 
tion renewed. Here the principle of distribution again appears. There 
is a surplus below, and a deficiency (or less depth of it) above, and the 
licjuid ascends to produce an equilibrium. Were the pen fully charged 
With ink before applied to the drop, it could take none from the latter. 

Other exa/nples of tl^e ascent of liquids, and even of solids against 
gravity are familiar to some classes of mechanics, but not to all. when 
two sheets of tin plate aro soldered together in an inclined position, small 
pi(jces of solder laid near the lower edge of the joint aro drawn up under 
the face of the iron as soon as the fused mass touches them. Illustrations 
of this occur in whatever position the joint may be. They are still more 
common in hard soldering, for copper and silversmiths commonly charge 
their joints on the outside, so that the solder is below or next to the fire 
when fused. 

These experimonts^aro all based on tbe same principles as the ascent 
of water in capillary tubes. We see that when a mass of liquid (wholly 
resting on a plane surface or enclosed in a cylinder) is connected by a 
short channel to a thin sheet of tho same substance abcive, a part of the 
mass below will ascend. The channel it should be remembered is a fluid 
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3r nor any other liquid will thus rise except in channels 
;e as themselves. The e/Fect does not therefore appear 
the material that sustains the liquid, hut, to some ex- 
r which particles of matter congregate with their kind 
gling witli others. Tlie aqueous vapor floating in the 
3 more or less the surfaces of all bodies. Glass tubes 
but if a capillary tube previous to its use was not thus 
03 so the instant one end is immersed in water — a 
nigh not obvious to sight) then passes througli it : the 
la coated with aqueous moleculra accumulating upon 
aces from each other, and those adjacent to the surface 
to solicit its ascent througli the channel thus prepared 
of vapor under these circumstances is unlimited, but 
fin is soon arrested. This however does not prove that 
insufficient to raise liquids to great elevations, but that 
ich determines the licight. If tlio quantity bo indofi- 
be raised indefinitely high. Ex] 3 eriment 3 so far as 
c prove this ; but as the finest of artificial tubes are, 
ature’s, as a mast is to a necdlo or a cable to a thread, 
3 la them must necessarily lie very limited. As long 
can bo sustained by adhesion to the sides of a tube 
on the weight of the central parts (wliich not being 
aro sustained by cohesion alone) exceeds this force, 

inch particles of some fluids cohere is so energetic 
5 singular spectacle of liquid rods, pendent like icicles 
m ono of these rods is broken a.n interesting contest 
and cohesion takes place, during which the Tiguro of 
!3 as ono or the other of those forces prevails : it 
ule the first predominates, shorter when the latter 
iry when both aro balanced, These phenomena may 
ng a drop of molasses fall from the point of a knife 
obulo descends to a considorablo distanco before it is 
om the portion above, because a rod of tho liquid 
od that unites them. When this rod breaks, tho part 
mass above is drawn up : a tlircad over a foot in length 
mtracted to loss than ^ of an inch, strongly remind- 
jity of caoutchouc. 

onsidcrable heights through sand and other porous 
li rags and threads of cotton, &c. Oil ascends in tho 
apillary siphons formed of cotton wick aro omployed 
journals and working parts of raachinery. It is cus- 
po founders to oil tlic faces of engra\’ed wooden blocks 
asts from them. Those blocks are of box, a species 
are is exceedingly close. Wo have often placed some 
illustration of tliis work on receiving tlicm from the 
1 containing oil to the depth of j’ inch, and have wit- 
CO of the liquid at the top witlnn half a minutcj, and 
tor of one. Unlike water in glass tubes, the oil hero 
ho tubes in tho wood and collects in globulea ovor the 

variety and importance of devices for raising liquids 
tho animal and vegetable kingdoms and in general 
lisplayod in their formation and movements, and their 
; would scorn as if the Creator designed poJi’ticularly 
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Siphons. [Book 7. 

to call man’s attention to this department of knowledge, and to Induce 
him to cultivate it 

Sources of hydraulic contrivances and of mechanical movements are 
endless in nature ; and if machinists would but study in her school slie 
would lead them to the adoption of the best principles, and the most 
suitablo modifications of them in every possible contingency. 


CHAP TER VI. 


SiniONB — Mode of clmrgmg thorn — Principle on which their action depends— Cohesion of liquid*.- 
Sipltons act in vaouo — ^Vnrioty of siphons — Their antiquity — Of Eastern origin— Portrayed in the tomb* 
at Tliobos — Mlxofl wines— Sip lions in anciont Egyptian kitchens — Probably used at the feast at Cana- 
Thnir application by old jugglers — Siphons from Heron’s Spiritalia — Tricks with liquids of differem 
spociflo gravities — Fresh water dipped from the surface 6t the sen— Figures of Tantalus’ cups—T’ricb 
of old publicans — Magic pitcher — GoMot for uawekomo visiters — ^Tartar necromancy with cup 3 -~Hon)ja 
baths — Siphons used by tho nncicntB for tasting wine — Siphons, A. D. 1511 — Figures of modern siplioDs- 
Suching tiibo — Valve siphon — Tin plate — Wirtcmburg siphon — Argand’s siphon— Clieinists' siphons— 
Siphons by tho author — Wncor convoyed over extensive grounds by siphons— Limit of tho nppUcalion 
of siphons known to ancient Plumbers — Error of Porta and other writers respecting siphons— Dccauj- 
Siphons for discharging liquids at tho bend — Ram siphon. 


The siphon^ or as it is sometimes named the crane, is in its simplest 
form merely a tube bent so as to resemble an inverted letter U or V; and 
is employed to transfer liquids from one level to a lower one, in circum- 
stances where natural or artificial obstructions prevent a straight pipe 
from being* used ; as when rocks or rising grounds intervene between a 
spring and the place where the water is required, or when the contents 
of casks and other vessels are to be withdrawn without making openings 
for the purpose in their bottom or sides. Thus farmers occasionally have 
water conveyed over hills to supply their barn-yards and dwellings; and 
portable siphons arc in constant requisition with oil and liquor merchants, 
chornists and distillers. The two branches of a tube that constitute a 
slplion are commonly of unequal lengths, and named legs ^ the ** short” or 
receiving log, and the long*’ or discharging one. The highest part where 
tho logs are united is known as the apex or bend. 

As liquids arc raised in siphons by atmospheric pressure, the perpen- 
dicular length of the short leg, like the suction pipe of a pump, should 
never exceed 25 or 28 feet. To put siphons in operation, the air within 
them must be first expelled. Small ones are sometimes inverted and 
filled with a portion of the fluid to be decanted, but more frequently the 
liquid is drawn through the tube by sucking. Other devices for charging 
them will bo noticed farther on. 

The action of a siphon does not depend upon any inequality of atmo- 
spheric pressure, as some writers on natural philosophy have inadvertently 
intimated. In one popular work, it i^ said, the pressure of the air is 
more diminished and in another, more “ weakened or abated” over the 
discharging than over tho receiving orifice ; whereas, philosophically 
speaking, the reverse is the fact : for us the discharging end is nearer the 
earth, a deeper and consequently heavier column of atmosphere rests over 
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1 Variely of tJieir Johns and matenals» 


5Vor tlio otlier, Nor <Jogs the efFeot depend upon any difTeronce 
ctual lengths of the legs,^ for they are often in this respect the 
,nd somotiines the receiving one is much longer (in an oblique 
.) tlmn the other — not yet does their comparative diameters con- 
:o the results ; for the short one may be much more capacious 
long one. ^ It is the difference in the length of iho 

luvvfis within tho legs that causes a siphon to act : the column in tho 
discharging leg must exceed in this respect tljat contained 
in the receiving* one, or no action can take place. By 
examining tho hguro in tlio margin, it will bo perceived 
tliat tlio column^ in tho receiving leg extends only ft^om tho 
surface of tlio liquid in tlio vessel to tho bend, whereas in 
tho other it extends from the bend to the orifice. As tho 
presauro of fluids is as their depth without regard to thoir 
volume, tho hydrostatic equilibrium of tho two columns is 
destroyed, when tho longer one necessarily preponderates, 
upon which tho vacuity left in tho upper part of i.ho tube 
is filled, by tho atmosphoro driving fresh portions ui") the 
m, otiicr log, 

But siphons could not act at all were it not for that 
^ of iluids hy which tlioir particles cling to encli other, Tlio tona- 
iquids may bo considered like tlmt of solids, only loss intonso ; 
it is when water flows tlirougli a siiilion, tho descoiiding particles 
drug down thoso above tliem, sornewliat like a chain or ropo 
y suspomUnl over a pulley, wlum die longer end pulls the aliovter 
r it. A siphon is in fact a contrivance by whioli liquid chains or 
e thus rnado to act. But for the cohesion of liijuids the contents 
ischarging log would drop out like sand, and no further offect 
ollow — tho rope would bo broken, and tho separated parts fall 
Tho influonco of cohesion in tho action of siphons is proved by 
that very short ones continue to operate when removed into a 



eniicity, or what miglit almost bo called the malleability of liquids, 
ifully oxGinplifiod in soap bubbles. Thoso yield to impz’oasione 
breaking. They fall on and rebound from the floor like bladders 
of india rubber. They sliako in tho wind, and dioir figures be-* 
orod like that of balloons tossed to and fro in dio air : ail this thoy 
duro before tiieir sliolia aro liroken by evaporation, 
ns aro exceedingly diveraifiod in their forms, mo, to rials and uses, 
o made of cylindrical and other shaped tubos, and both of tmiform 
gular boro. Tho logs of some are parallel, while in others tlioy 
every angle — some times straight ana often orookod — ono may be 
ban tho otlior, or both may bo alike ; they also may bo separato, 
oly slipping into or over tho other. Instead of tubes siphons are 
o» formed by an arrnngornont of jdatos, and also by a cornljiiuition 
, This plastic pi'oporty has occasioned tlioir concoalmont in nioro 
forms tliari Proteus cvc’r assumed. Siphons are made of tin, cop- 
n, silver, glass, lead, earthenware, leatlicr, wood, canes ; and 
y ones) of paper, Ririps of cloth, tliroads of cotton, &:c. TOxiunplos 
various forms and applications will bo found noticed in tho follow- 
irical skotcln 

origin of siphons like that of pumps is lost in anliquity. Some 


nroniifUioii on llio actinji of hiiiIjouh In vnetio, hco JJoylts'H Works, by SImvv, 
[J. IJifltorrnnd Mnmoirs of llio Fronob Acadainy, iranwlated by Marlin and 
i, vol. iv. 374 *, and Dosiigiiliers Kxpar. IMuIoh. vol. ii. 1GB. 
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writers of tlio last oonLury attributocl thorn to Ctoaibius, (see page 268^ 
buoiuieo they wore uaod tu soino of lua wuLor-clocks, and no earlier apDli 
cation of thorn was tliou known. For tho samo reason the invention of 
tootlicd wliocla 1ms houu erroneously ascribed to him. All the in forma- 
tiuu extant roapcctini^ tho antuoiit nations of tho East is exccodindv 
Hinitod, while of tluhr arts and cKuuils of their moclianism wo know next 
to nothing. The groaUjr part of our ordliuiry xnachinoa cannot bo traced 
to a liiglum Hourcai than Greeoo, butGruoco itself was colonized by Egyp- 
tiiinH ; ami liowcwor iruuili tlio cluldnsn of Cadinua may Imvo rofinedon 
flomo dopiirtiniMilH t)f tho uHcfiil arts, tho goneral mechanism of tlielr 
ancoHtors ia I adit wed to Inivo passed tlirough tluiir hands to thoso of the 
KoinaiiH, muL iViuii the latter to \is with little alteration. This was cer- 
tainly miHo with their hydraulie and hydro-pnoiunatlc devices. The 
HiplnJU is an example. The name of this instrument is taken from a Greek 
word, winch wignifiea almj)ly a tube ; but it has boon ascertained that the 
word i« i>i‘ a remoter — o< an oriental origin, being derived from dph or 
sift to irnblbo or draw up with the breath, and whouce comes our expros- 
6 ion to sipt Now if it can bti proved that tho siphon was in use, and waa 
elmrgt'd l>y sucking l)er(>ro l)u> Urnus of Grecian history, wo may safely 
contdude tlmt a more uiunenl pot) pie lurnished the Greeks with both tho 
inHirniruMU and iu name. 

The reaearchea of RoHollini iiiul Wilkinson have settled this point, 
Tlteiio gen tie I non have brotigla. to light in-tismtihlo ovi douce that siphons 
were used in Egypt at Unist uh early us MTjO years before Christ. In a 
totnh at I'hehoH, which bears the name of Arnunoph II, who reigned at 
tlie periotl just nanuni, they are dtdineated, i*^ manner too distinct 
to lull nit of uny donhtH. Hen No. Hovorivl jat'S arc roprosonted 

upon II fnurin or ntiuiil. Into three of them siiihons are insortod ; two 
ttp|mrt»n(ly In ofinrafiou, and a irian is in the act of charging the other by 
aiirking : the eonteuirt of the Jarn being tranaforrod into a largo vase sup- 
portml upon an ornamental stand. 



K^> pUitti U.e, 


Mr. Wilkinson aupjjesoM that Hi[dtonH w'ero invented in Egjmt, and were 
iiNcd Ui derarit ihn Ndo wat(?r from one vessel to anotVior. Ho says it is 
nrrmsary to let ihia water ^itand for sorno time before being used, that the 
Hunt sUH[M*nded in it may se tlio to the bottom. On this account vases 
roniainlng it c*unnot Im moveul without rn rule ring it again turbid, and tha 
Name elhn t is produced by dipping } henco tbo ubo of siphons. Tho con- 
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ly bo correct, but it does not derive much support from the 

0 instruments figured at No, 235 j for unless there was some 
) to provont tho ends of tho siphons from going too near the 
•lio jars, scarcely any thing would more elFoctually disturb and 

10 sediment with tlio water. The tubes were obviously of 
>lo material, and from the manner in whicli they are hold, it 
mpossiblo for tlio person using them to regulate by hand tho 
liicli tho short logs wore immersed. Moreover, another incli- 
lUod in oiw' illustration) is roj)re8ontod pouring a liquid into 
iars, an operation that would elToctually disturb the sedimont. 

)f water, jars so Bruall probably contained wines, and the artist 
> exhibit the mode cA' 7?i?xi?/g them ; a common practice of old, 
forred to in several i)arL8 of the scriptures. The Egyptians 

given to luxurious living, and especially with regard to wine, 

11 the soul[)turo3 corroborate, for scones of gross excoss, and in 

>, are portrayed. Tho Jews we know carried with them into 
ot only tlio arts l>ut many of llie worst habits of tho Egyptians, 
cossive iudulgenco of mixed wines was one. “Woo unto them 
dghty to drink wine, and men of etrengili to mingle strong 
aiah v, 22. “ She hatli mingled her wine, she hath also furnished 
^ Prov, ix, 2. “ They that tarry long at the wine, they that 

mixed wine.** Ibid xxiii, 30. 

samples of the early use of siplions arc met with. In tlio tomb 
3a III. who nourished 1235 ih C., is a ropresentaiiou of an 
kitchen, with tlio various operalions of slaying animals, cutting 
Its and pre])aring them for cooking — kneading dough with the 
■as to with tlio liands — nmking cakes and conlectionary, &rc. — 

1 furnituro, lliero are tallies, Jars, plates, cauldrons, bellows, 
Ida, pestle and tnortiir, knives, baskets, Sec,, and suspended 
or rods, a numhv.r of si 2 }lums ; sliowing eviJoiuly that those 
;s wore in constant requisition, See No. 230. These were 
Lclaptod for jars of certain doplhs, unlike those in tlio preceding 
Ich seem to have been appropriated to tlilferent sized vessels, 
ibapo filtered as occasions might nscjiiim. 

igulur tluit those philosophical instruments should have boon 
mon before the sioge of Troy tlian at tho present day ! And 
ous are tlioso rnonumoutal records that liavo preserved this and 
; of tho kind 1 

cumstanco of si pi ions having lieen used in Egypt at so early a 
y bo doomed cumclusivo that other nations were not ignorant of 
itli Egypt, all the famous people of antiquity maintained an 
a ; and onterjirihing men flocked from all parts to acquire a 
a of tho arts and sciencos that wore cultivated on tho banks of 

Their neighbours, tho Jews, as a matter of course, wore ac- 
vith siphons, and ihero. is probably a reference to thorn in John 
saith unto tlicin, fill the water pots with water. And tliey 
a to the hrim. And lio said unto tliom, draw out now and boar 
governor of tbo feast, and tlusy bare How did they draw 
I ? Certainly not by inclining tho jars and it out; nor 

fc appear to have been clone by dij^ping : for as tho largo pots 
d to tho very brim, this would liavo cau.sed tho lupiid to over- 
iB more rcaaoriablo to suppose that firnall siphons wero used on 
.on, and that they were cmargod by sucking, as represented in 

This and this only clearly ncconnta for tho fact lliat those who 
liquid wore first aware, as they must have boon, of the change it 
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had luulorgona. This c1iang(^ dooa not Hcom to havo afloctod the colo 
for not till ho tasted of it wan tlu^ profluling (^flioor himsolf sensible of it' 
bailiff wirio. " When tlio rnlor oftlm ibast had /asCrd tho water that was 
mado wine,” ho ** know not whonoo it Wfis, but iho eorvauts that drew tho 
water know/* 

No, 2115 probably >vaH ih*Hlgnod to n^pronont <nu^ of Pharaoh's butlers 
engaged in (hat part cd* hin doty whirdi nu|inrtal him to dmw and mix the 
lung*8 drink, Sueh olllcorH lonutal part of largo <\HUihlialuntnits amontr 
tho ancionU, and m tlu^y <lo in jnochTM tinioH. iSwiiy.or, Hpoaking of smai) 
fliphoiiH olmorvt'H, " dm uminuatioh of air in Hindi that; wino will not always 
koop on its n'gufiir uHoont, without dm Imthr putn hin inoutli sometimes \o 
It, to give it a now Huoiioii/' 

Orm of dio nmdtiH by wliirli Otosllnus ajipihul siphons to clopsydrm 
will bo found figured in a suhstujvmnt rliaptnr, ' 

Were tho obi philoHopImra of lOgypt artpininlod with tho principle on 
wliioli llin aiphtm acU i DoubtloHs limy woro, oIho tlnw eoiild never have 
divorainod itfi form ami udaplrtl it with suoli ailiuirnluo inginiuity to the 

5 mat variety orpurpoHi»« bolli ojum and oonotudml, wliieb wo know they 
id. In roniKHUiou witli hydromarmy it whh mado to piny an important 
part. Mrigiral gnhiola worn ofmn m>thing<dHo tliuu inodilicuiiionfl of siphons; 
and from die Spirilalia wo bMirn that tlo’y fonin'd the bnsiH of more com- 
ploK ami impomtig apparntUH, Tim trirkn ounnooUul with the glass tomb 
of IktluSi and dm niinmnlmiN in tho tiunplo of Hacclnis probably 

tlopiUuUul upon mpbouH ; and umiit writorn on flm vooal Hlatun of Mcmnoii 
have introduciul lluun an oMtuitinl purta of tim nuppowod macliinery; imi- 
tating in this roHjmrt dm upjmratUH doarrilmil by Heron for producing 
mynhuMouH hoiuhIn iVorn tho iigttnm of rmui, liirdH, tVe, 

Heron in more diH’uHe on the Hubjeot of ^iphorm tlmu any otlior writer, 
Upwards of tWfMity prolileuifi in ]iia Spiritulia rolato to or are illustrratod 
(ly them; anti (rum him we learn timt ilmse iiiHtninuMils were in his time 
enipltiyml on a large nralo iti tlraining ami Irrigating land, vr/. by transfer- 
ring water over hillsi iVtan one valley to anoilmr, 'PhiM use of tho si])lion 
was probably fpiito ooirnnon tuu](?r tho J*harao)m as under die Ptolomios; 
for Ileron lUies not intinmio that it wua novel in his tiino any more than 
tliQ iuHtruinent itsulf. 
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^'he ubovf» figures are illustmlitiiis of the first, soooiul, third, and thirtiolU 
prolilenm td* HeroiPs work. 
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Liquids of different Specific Gi'avitics. 

237 (the first figure in the Splritalia) represents an ordinary siphon 
' ovor tlio haudlo of a vase, within wliicdi the short leg is inserted, 
istriinieut was charged by sucking, as the more ancient ones in the 

t. 

238 exhibits another form of the siphon, consisting of two straight 
parute tubes, the smaller one of which is inserted through the bot- 
‘ tlio covered vase, and roaches as high within it as the liquid is 
id to Btiuid. Over this tube another one is slipped whoso upper 
closed air-tight. ^ Hence it is obvious that when the li(]iud is higher 
10 orifice of the innor tube which forms the long leg, it will ascend 
3n the tubes and continue to be discharged as in tho common siphon, 
lo surface descends below tho lower end of the outer tube, or short 
[loro tho liquid is discharged from the bottom of tho vessel, not 
a rim as In the preceding figure.^ Tho siphon admits of a great 
j of TtiodificatiouB, some of which in the hands of ancient jugglers 
lUtod not a little to ama/.o tho ignorant. Tho contents of the largo 
ofton permanently fixed in tomploB, could and doubtless often were 
y emptied by contrivances of this kind ; the siphons of course lieing 
ded in tho ornameutfl, luindlos, or otlior adjuncts. Tho six vessels 
c placed daily in tho toinplo of Bel, which the priests clandestinely 
id every night, might have been more neatly robbed of ihcir contents 
iccalcd siphons, than hy entering through a secret 2 'xtssagc under the 

but as tho ahfltraction of the more solid food which the priests pre- 
L was consumed every day hy the brazen deity, (forty sheep and 
) measures of floor,) roipuretl some contrivance like the latter; the 
were emptied at the same time. [Story of Bel and the Dragon.] 
omantic account liy Herodotus of tho robbery of lllmmpsinitus^ trea- 
ihows to what extent tho system of snore t passages was carried, and 
tenuity with which they were made and concealed, 

) velocity with which water flows from an ordinary siphon necessarily 
shea as the surfaco in the reservoir falls. In some cases a uniform 
rgo is dosirahlo. No. 239 shows how ancient engineers accomplished 
A float or hollow dish was attached t;o tho end of tho short leg, so 
lo instrument doHcended with the water, Tho long leg was passed 
y tlirough two openings in projecting pieces that preserved it in the 
r position. 

3 difference in the specific gravity of litiuida was a fruiirul source 
sop lion. Many cajiital tricks were based upon it, especially when 
jhtor fluids employed wore of the siurie color as those on which they 
2cl, If for example, a vessel contained oil, wine and water, those 
s oould bo discharged hy a siphon liko No. 239 in tho same order j 
y Bocrotly raising or lowering an ordinary one, or the moveable tube 
238, any one liijuid could bo drawn off. I^'rosh water being lighter 
lalt is often found some distance at sea; and sailors, liko old jugglers, 
raw up either, according to tho depth to which tlioir buckets are 
rBoch Four miles from iho mouth of tlio Mississippi the fro si i water 
lut two foot deep, and at ten niilos it may bo olitained by careful 

problem XXX of the S])ir Italia, Heron shows how siphons may be 
alod within tho figures of oxen or other animals in the act of drink- 
tho orifico of tlio slnirt leg being at tho mouth, and tliat of tho long 
n one of the foot. See No. 240. When tho boro of the siphon is 
irly adjusted to the (juantity of water flowing into a basin, the animal 
ippear to drink ibo whole. 
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[Book V'. 


Tlio following roproBont a rnnnlxjr of Tantalnn' ctipa, magic goblets &c 
In N<i. 2‘il, tlio long log of iho «i|)luju puHMOH tlinuigli tluj bottom of tho 
voflBol, anti tlio sliort ono rtMimins ubovo ; ho that wlion tlio li(|uicl rises 
over tlio bonJ, it will bo ilibchurgo J by tho niphon into tlio cavity below. 
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DuvU'Oh of tliin kinil lubriit of luuntM'miH inodiliciuiniiH by wbieli the tubo 
may bo roncoaliHl, Wlum it in oro’loNrtl within llin figurn (jf a man, (tho 
wator tmltu-ing nt onti font slightly rniMinl, ant I puHning <iut through tho 
oihor,) thu vosBol In nanitul a TantniujC cup, lunl tin* lif|nitl iimfoud of enter- 
ing dtt^ ifioinb, in No. 2^10, only riwo.s lo tin^ oliln, ami tlmn nms away 

illuHtraling tlui rkfiniriil fnlilo, which rnpro^^milM 'ranluliiH fuilForing tho 
turtnr<»H of tliirfit in rht' nTnlfit of wnuir that rotioIuMl to hin lips, Inn which 
on liiH atli'ni|iilng to iinti* Hiink bolow' liU rtnu^h ; lumen iluj origin of our 
word tantalize, inul itn rnliuivt*?n 


»iHrrin^ ItricvtiiM ti)rint*nt», I lutliuhl 
TMUtnIiu : tu a ponl lui £>tiioti, tii<t rhin 
Wnah'il hy ihn wavn ; thir«t parthM Im satinn’d, hut fiiunil 
Ntiualtl In hi« thir?<t : lor wtum lin liowM 

Ibd haary tiamt. nnlatit n» ipnitb tlm Ihual 
Viiui«ih'tl nh^nrtiM, auit nt hm luUxni 
Tiui Puii appnnrMi tfruui iiHtniit, tiy ilie 

Oilys, XI. Coio/ier. 

It in Biippti«(!il jlm fnbln woiH intiMulml to ithmimfo tlio influonco ofava- 
rien, by which niisnr^ in dm nfulsit tif plenty ol\im ihmy duunaolvoB tho 
n«cor4*uirioH niul rtunforti td'Iiftn 

iMuinoiimn^i tho aitiat itiul InUttna of Tuntainrf oupH iin< rrmtio liollow and 
tho mplion hinnoil within thorn. No, Ii l2 i« (»nn of thoMo. An examina- 
tion of it will faifliriontly oX|iltuit tlin notmtnuuion, A nirmll opening near 
iho boUotn (which may ou»iily bn ornuuuihni) rotuinonieatoH witli ii [lassago 
formciil by a piiriiilon, abovt» thn top of whu-Ji tho lifjual inufiL riao beforo 
it can pft^H tlfjwii tin* uthor into thn Imnt* nf tho cun. 

In no, 2*UI dm siphon Iti tbrtncnl within thn Imndln. Tho abort log 
corrirmummlo^ wiili tho h»wtu' purt ol' the cup ut du^ iiwoll, ho na not oaaily 
to iiti ilctccUnl, ami thn long one wdtli thn cavity Ibrinod below. Tho 
liguri' rcpnmnnl^ aTnntnluH' cup in <mr pmsHi'Haion. 

A Ihjuul m rtdHlnnd in nun of tln^fin an in an ordinary goblet, so long aa 
the Nurlhi'n don^ not much ulatvm tlm h^lnuit [uirt of ihi^ aiplion ; hut if 
thn cup lic» (iiirn inclimnl mi u^ to kcI thn lattiu* in operation, tho conLonCs 
will grudimlly bn inuiwfnrrcd to flm Imllow Iman, and tlda wludlier tho 
vcgaul bo rcplaciul in an upright poiution or not. TIiuh tankards liavo 


).] Goblet for unwelcome Guests. 

contrived tlmt tlio act of applying ilipm tn ilio lips cliarged tlio 
and tho liquid instead of entering tlio moutli tlion passed throup-h 
;al passage into tlio cavity fonned for its reception below. By 
^tho capacity of tlio sipliou snfliciontly largo, a person ignorant ot 
ICO would linJ it a dilllcult matter even to taste the contents bow- 
rsty lio rniglit bo. In tho dark ages, simple people would naturally 
occasions give credit to legends respecting mischievous demons 
)eor and taking tlieso opportnnitios to get it. Dishonest publicans 
sign-boards announced “ ontertuinnient for man and beast,'' are 
liavo occasioually thus despoiled travelers of a portion of their ale 
i, as well as tboir horses of food. Oats wore put into a perforated 
, and a large part forced tbvougli tho openings into a rccoptablo 
l)y the movements of tlio hungry animal's mouth. 
al tho Roman poet rofors to tricks of anciont publicans, and what 
prise aorne readers, ho comjikins of liaving had wine foisted on 
ead of water. Eavemm was originally Imilt like Vonico on piles, 
} a sou-port, thougli now several miles inland, Water Ims always 
ctromely scarce at this city, and probably was more so formerly 
])VC3ent.^ In tho poet’s time it seems to have brought a higher 
an inferior kinds of wine. Hence his complaint ; 


Hy a Ufivoiina yhitiiur onco botray'il, 

3a iiinrlj lor wino anri water mix'll I paid; 

Hut wluni I ihoiifihi tlio puvolmHM li(|U()r inino, 

Tlio riwcul fobli’il mu oil' with wino. L. iii, Kp, 57. Addison. 

•14, a magical pitclioj^, froru tlm eighth problem of tlio Spiritalia, 
bon is not emph^yed, ))Ut the device is ulllod to tlio preceding 
horizontal partition or diaphragm perforated with minute holes 
tho vessel into two parts. Tho handle is hollow and air-tight, 
ho plrico wlioro Its lower end is oonnoctod to tho pitcher, a tube 
a from it and rouclu^s nearly to the bottom, , At tho upper part of 
llo a small hole is drilled, wlioro tho thumb or fingor cun readily 
It should bo disguiKiul liy some neighboring ornamont or scroll. 
)itclior 1)0 half fillml with water and inverted, tho liquid would bo 
as long as the arriall hole in tlio litindle was closed — lieing aus- 
us in tho atmospheric H[)rinlcIiMg ])m;, No, G9 and 70, and In Tutia's 
o. 74. If tho lower |>art he filled with water and llie upper wilh 
le liquids will not mix us long as tho small hole in tho handle is 
tho wine can tlioii eltluir he drunk or jxnirtul out. If tho holo bo 
o time upon, a mixture of both riquorR will l)e diaoliarged. With 
of tliia kind, says an old writer, “ You may welcome unhidden 
Having tho lower jiart already (illod with water, call to your ser- 
fill your pot with wino ; then you may drink unto your guest, 
j up all tlio wino ; wlien he takcH the pitclior thinking to phulgcj 
tlio same, ami finding tlio contrary, will liappily stay away until 
ivitod, fearing tlmt Ins next presumption might moro sharply ho 
3d,’' 

lor old way of getting rid of an unwolcomo visiter, was hy offering 
10 in a cup reflombVmg No, 24/>. Tho sides W(ire doubles, and an 
; cavity fonned between them. When the vessel was fillod, some 
[quid entered tbo cavity and compressed the air within ; so that 
lo cup was incllnud to the lips and partly emptied, tho prossnro 
Iminialiod, (he uir expamimi, and drove part of the contents in tho 
tho clrlrikor. Porta, in his Natural Mtigic, (Ihig. transhitlon. lG/58,) 
B sovoral similar devices, bat tliey are all to lie found in one form 

00 


[BookV, 


52S:* Si^Jions^ A, D, 1511. 

or another in the Spirltalia. One gohlet was so contrived that “no man 
can out of it but he who knows the art.” The liquid was suspended 
in cavities and discharged by admitting or excluding air through secret 
openings. Another one ” for making sport with them that sit at table with 
us,” a cup into which wine was poured in the presence of the drinker, but 
who could derive from it nothing but water, See, 

The necromancers of the Tartars and Cathayans, [Chinese,] saya 
Purchas, are exceedingly expert in their divellish art. They cause that 
the bottles in the hall of the great 7c7ian doe fill the bowls [cups] of their own 
accord, which also without mau^s help pass ten paces through the ayre into 
the hands of the great ; and when he hath drunke, in like sort they 
returne to their place.” The cups were doubtless filled and moved by 
some ingenious device ; but this being concealed, the whole was of course 
miraculous. 

Among the antiquities of Lunenburg was a magical goblet or ewer, 

“ une aiguiere dans laquelle il y a secret 7iydraulique7^ (Le Curieux 
Antiquairo, a Leide, 1729, tom li, 495.) 

From the time of Heron up to the 16th and 17th centuries little specific 
information respecting siphons is to be met with. They were of course 
known to the Homans. Sir Wm. Grell supposes some modification of them 
was employed in connecting the large boilers in which water was heated 
for the public baths. It appears from discoveries made in Pompeii that 
these vessels were closed on all sides and bore some resemblance to the 
bodies of modern stills ; and that to economize the heat, three of them 
were placed upon each other. The lowest one in contact with the fire 
was the largest, and named ” the caldarium, that above it the tepidarium, 
and the uppermost which was supplied with cold water directly from the 
aqueduct or other reservoir the frigidarium ; and they were so contrived, 
by means of something of the nature of a siphon, that when the water of 
the lowest was drawn off for the bath, an equal quantity descended slmub 
taneously from the second to the lowest cauldron, and from the uppermost 
to the second.” Julias Pollux, who lived in the second century, informs 
us that siphons were used for tasting wine. They are also referred to by 
other ancient writers, but as several instruments were designated by the 
same name, it is difficult to determine with precision what particular one 
was, in every case, intended. It is very probable, from the rem^k of 
Pollux, which is corroborated by the illustration No. 235, that siphons 
were employed by ancient vintners and private gentlemen for decanting 
wine, just as the same classes use them at this day. 
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Modem Siphons. *. ' ^23 

Md 247 aro copies. I3ot]i_ arc dosignod to show the application of 
instruments for tranaiorring largo quantitios of water over risinir 
ids. as mentioned l.y Heron. No. adCi is formed entirely of wooden 
;a strongly muled togetlior. Tho upper ends of tho two trunks or 
aro united to a siiuaro and close box, by moiuis of wbicb they wore 
;od tlirougli tlic opening on the top. Tbn lower orifices wore tum- 
ily closed by oliigs, ligured below witli sliort ropes attadied. When 
iiolo was lilled, tlio liole at tbo to|) was closed by driving in the stop- 
igured near it, and tbeii the two plugs below were withdrawn by 
H oftilO ropi'H. 

lu-ij in Halo dowhi tlmi. Ia7'gc sipiioufl mudo of pknke and jointed or 
with pitch would work woll, ovon if LIU 7 wero not porfeedy tight, 
ded tho oriheo of tho diHchiirging U*g wus consia( 5 ral)ly lower dmn 
irfuco oftlio water in wliich ilio bhovt log was placed, 
iron directed largo biphoim to ho lillod thvougli a funnol at the top, 
ho orifietiH clomul holow, aa rt^preaentod in Noh. ^46 and 247. 

, 247 wurt (d* motal, hut chargiul liko tho last l)y inoana of a wooden 
tho cmeuing to admit the water aud ilH stopper being clearly repro- 
J. There appears no dtwico for c.Uming the lower ends of this 
j and as llu 7 enter tho wator i)(iri)ondicularly, the jdugs and ropes 
ill No. 240 would hardly apply. 1 rohahly the short log was closed 
valve opening tipwarils at the hfiUoni of tlii^ box, on which account 
Liter was uiutlo conical to idVord room fur it to play. Tliis valve 
1 ho Hulllciimt for liio jmrposo of charging the siphon, provided the 
’ part ()f the hox was higlior than any other part of tho instrument, 
.hendtire HupjioHO that the ilisju-oimrlionato sV/.o of tho box tind its 
figunul below dm bond are (irrors of die artist, 
modern improvmnoniH, dm addition of sucking tubes by which amall 
18 are now cotninonly charged was dm first. It is uncertain wlion 
whom limy wero introduced. Tlmy do not appear to have boon 
used, if at all, Imforo dm early part of tho last conlury ; for all the 
18 doHcrihed in old treariHi^s on chorniHtry, diHlilling, iVc, invariably 
L of single tubes, which W(!re eidmr oliargiul by immersing diern, or 
iwing out dm air from dm orifice of dm discliarging leg by dm 
I. It may contribute to some future history of tlio siplmn to prosorvo 
of those. 



) first two aro from tho English translation of ono of Conrad Closnor^s 
, Lond, 15U9, (See [ingo .'18J of this volurtm.) Sperdcing of draw- 
^ water from tluj head of a still, tho author obsorvos, “ You moy put 
10 drayhig pipes into the cover such as you Ho.a Imre Hveljo portray- 
Copies of the same tire inserted in s(W(U‘al other old works. . In 
ion Kusthjue,'* Paris, 1/174, folio 217, limy aro to ho soon, and tho 
manta are said to have been made fif Ihi {luyaux defer hlanc.) 

18 IjBfuuirul immurttcniro (tin plaUi) whirli cmilribuioH ho Inrgoly^lo llis furiiiBliing 
Uilchoiifl, \n Hiipposutl to bo of uiiciont dulo. Tlio Gormans woro. tho first 
of it in modorn timos. 
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Sucking Tuhe — Valve- Siphon. [BookV 

No, 250 IS from .tke “ Diction naire CEconomique,’^ Paris, 1732, 3cl 
Tome i, S64. It is obviously copied, with the distilling apparatus of which 
it forms a part, from some older work. No, 248 differs in nothing from 
those ‘’belonging one of the Pharaohs, (Np. 236,) while the forms of Nos 
249 and 250 are evidently owing to the material of which they are made* 
viz, tinned iron; the legs wete separate pieces, and their junction formed 
an acute angle. 

The sucking tube is not figured by Decaus, Fludd, Moxon, Boyle, Beli- 
dor ; nor^yet by Rohault, Gvavesande, Desaguliers, and the Abbe Nollei 
although it was in use before the popular works of the last named authors 
were published. Switzer, in his Hydrostatics, 1729, has figured a siphon 
for transferring water over a hill with a short sucking tube attached ; but 
this is placed near the top, and was designed to draw off the air that 
might accumulate at the bend after the instrument had been some time 
in use. 

In Martinis ** Philosophical Grammar,"’ Lond. 1762, sixth edit. No. 251 
is represented, ^ The sucking tube appears but as the nucleus of the 
modern one, being a very short conical piece attached to the extremity 
of the discharging leg, Tho figure we suppose was in the previous edi- 
tions of tho ^ work. It was copied into the London Magazine for 1764 
p, 584, and is there named the syphon or crane m common nseJ' But 
tho sucking^ tube was fully developed before these dates. In “Arts et 
Metlores,” it is not curtailed of its fair proportions. The treatise on the Art 
of the Cooper, (Art du Tonnelier,) was published in 1763, and in it No. 
252 is given as the siphon then used in Paris for emptying wine casks, &c. 
It was made of tin plate, and for the convenience of hanging it up when 
not in use, a ring was attached to the upper part. “ Co siphon esL connu 
sous lo nom do po?7i2?e,^* (Folio edit. p. 47.) 

L’Art du Distillateur Liquoriste,” was published in 1775. In it 
another valuable modification of the siphon is exhibited. See No. 253. 
This in its outlino resembles the preceding one, being made of the same 
material. It has no sucking tube, but the discharging leg is closed by a 
cock, and tho receiving one by a- light valve opening inwards ; hence 
wlien onco charged, this siphon would always remain so while the cock 
was kept shut : it could be moved from one vessel to empty another at 
pleasure, for as soon as the end of the short leg was immersed and the 
cock opened, it would commence to act. This instrument was named 
siphon d clapct*^ (Folio pdit. p. 140.) 

The moro common form of the siphon as now used is shown at No. 254, 
a valve in the short leg being dispensed with. Sm.all instruments are 
so easily charged, that little or no advantage is derived from keeping them 
filled. Liquids confined in them become insipid, and in some cases tainted 
by tho material of the tubo ; besides, as small siphons are required to 
decant different liquids, their contents must be discharged every time the 
liquid is changed. On these accounts the valve has been dropped. Tho 
junction of tho sucking tubo with the discharging leg must always be kept 
bolow the surface of the fluid to be drawn, as the virtual length of the leg 
thoro terminates. By means of the cock the discharge can always he 
regulated, and when a receiving vessel is filled — entirely stopped until 
another vessel is prepared. 

Siphons with small syringes attached for the purpose of charging them, 
aro frequently made by silversmiths for decanting wine from ordinary 
bottles, &c. See No. 25.6. The capacity of the syringe should equal 
that of the siphon, as one stroke only (an upward one) of the piston can 
bo used. Atmospheric and forcing pumps are often used to charge very 
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siphons j the former being applied to the discharging, and the latter 
e receiving orifice* 

" devices for stopping and renewing the discharge without cither cocks 
lives, the Wiricmlmrg sifAhon is the oldest It was so named from 
ivcntion in that city. The legs are of equal length, and to prevent 
Ld mission of air wliou the instrument is not in use, tlicir ends are bent 
ards. See No, 256. (For the convenience of discharge, one end is 
■nonly recurved.) The allodgod advantages of this siphon over others 
3 more imaginary than real. It was at one time announced as “ a very 
lordinary macliino, performing divers things which the common siphon 
ot reach.” Thus, when the logs were inserted in different vessels, it 
said to preserve the liquid at tlic same level in both ; and although 
egs wore of equal length, water rose indifFercntly up one and dcscend- 
I rough the oilier, besides c Jier properties which in fact are common 
I siphons. Its only peculiarity consists in the ends of the legs being 
3d upwards, so as to retain the fluid witliin, and thus be always ready 
ISO : but this retention of tlio contonta, although theoretically true, is 
ractico hardly attainable, since it requires the orifices to bo always 
orved on the same liorixorital line — a condition extremely difficult to 
ovrn, except with very small instruments, and whoso ends arc turned 
idorably up. If tlie ends roach only to a level with the upp'er side of 
loxuro, the slightest change of position makes one leg longer than tlio 
r ; air is admitted, and in a moment the whole contents are expelled, 
plion thus made) of inch, or ^ inch tubing, could not be moved from 
vessel to another, or bung against a wall, witliout the contents being 
laced. Disks or stoppers placed over tlje orifices would prevent this, 
they would virtually ho valves, Tho Wirtemburg siphon is conae- 
itly seldom seen except in llm lecture room, (See Fhil, Trans, xv, 
-7, and Lowtlioiq/s Abridg. i, 537-*9,) 

i 1808, M. Argand, the inventor of lamp burners that go under his 

name, devised a valve siphon” precisely 
similar to No. 253. From remarks mado 
in tho journals of tho time, he seems to have 
boon considered tho introducer of tho valve 
— an erroneous idoa. As regards tho con- 
struction of Ills siphon all that could bo claim- 
])y or for him was the mode of connecting 
the legs to tho horizontal pan by screws, so 
dint they might easily bo separated, either 
for tho purpose of cleaning or more con- 
veniently nacking. But Argand's mode of 
charging his siphon was novel. It was 
effected on tho sumo principle as water is 
3d by tho canne liydraulUinc^ 372,) viz. by moving the instru- 

it perpendicularly up and down in tho liquid, until it became filled, 
Gad 01 imparting motion to tho whole inatrurnont, wliicli in larger ones 
lid bo inconvoniont, M. Hachetto suggests that the lower part of the 
dving leg bo connocU'd to tho upper part by a floxiblo tube of leather 
doth impormoalilo to liquids, so tliat tho part in which tho valve is 
ated need only bo moved, Hoe No. 257. 

iphons are nocesaary in numorous Tnanipulations of tho laboratory, and 
lorn reaoarchofl in chomistry liavo given rise to several lioautiful devices 
charging them, and also lor intorrupUng and renewing their action, 
ten corrosive liquids or thoso of higli tom[)oraturoa are to oe transferred 
siphons, it is often inconvenient, and somotimes dangerous to put them 
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in op# mtion by the lungs, » Moroovor cocks and valvoa ofynetal are acted 
on hs acida, ahd in aorno cosoh would alTcct or destroy tUo properties of 
*ho (: (ds tliciuseivos. 



No. S/5H showa how hot or corrosjvu rnay bo drawn oIF froni’^ 

wiclo mtnulietl bottlo or This ahyi^t lug of a aiplion js irisovtod througii 
\\n\ oork ; and aim a small ’tube, tUrougli wiiiah the, operator .bjowB, and 
()y rlie jiruKSuro tuf hi» breath the liquid through tlic siphon, 

No, rtiprwcmt^ rt siphon aturtoumcj® omployud by chemist's, When 
uscHlt (hci m /irit placucl iu Uio fluid Ui bu (Icjcantod, the flame of . 

a lamp eir caudla iti then applhul to dio uudorsultJ of tlm bulh; tlia heat, 
rawfi^w and e«iiijid<|uuntly drives out dm groatar puit of it through 

tim dia^hargingorifioo* Thu finger m applied it) tliis orlfico, and as the bulb 
laicofnas tlio atmosjdioru drives up the ]ic|uid into tlio void and puts 
t)m instrummu in on^nuton, 

Nm ^UO U a mphon by M. Golletrcluau, It b clmrgod by pouring a 
cjuuriilly uftlm lluid to bo (Umauiud inpo tlin funnol » the hmit pipe attached 
to wliicU toruiimifus nunr iliu t(»pdf tlm. disollargiug log,. The fluid in 
dosropdiiig through ilib? log boarn thiwn tlio air withui it, on tho principle 
of tlm tromiio, tiud tlu^ utrtiu^plu*ri5 rlrivos up the liquid in, the reservoir 
througii iho nhot^ log. In uxjMjrUrMnitrt with rhis inktnnhont wo' invariably 
found ilio coutorU^i.of tho rhurgtng tuiio drawn into tlio siphon whonovor 
thn orifieo of thn dw'hurgiug log was not smaller than the bore of 
dm reetdving oner. By not atttindit^g this, such siphons ivill only act aa 
long as walar pouttid ftintml, . 

No, ^61, A glass siphon (or domnting adds, &c. It is charged by 
sucking, ami to guani againiit.thi! contonta mitering die mouth, a Imlb la 
blown on dm sucking tubm Tho acmuitiularion of a liquid in this bulb 
bciiiig visible, tho opomtor can always withdraw liif lips in time to pre- 
vent his ta^^drig it. 

No. UM k di^dgnad to rt^Uiin its contents vvlion not in use, so that dn 
plunging the log thain into a liquid thodniarummit vvnil oporato. This 
©ffbat however will not follow If iho orul of the discharging log descend 
bidaw tho flexor 0 nmr it, and if ilH orifleo \m mt oontractod nearly to that 
of a capillary tubo, ... * 

Km M3 Si a aiphon by whidh llquida may bo'drawn at intervals, yi 2. 
by raining and laworing tlm miirl of the discharging log aaoording to the 
surface m Am lUjuid In Urn ekumn, 

Uuc^owfi labors have do vein pod somt* novel modifiaationfl of the siphon. 
No. siG l k chargtisd by an ajqmratns designed as a aubstituto for the 
syringe, No» MB.) Tho aucking tube of an tirdirmry aiphon is made 

tri pHgiJi thrtiugli dm muim of a much larger pijie, This la closed at the 
bottom, open ut top, and ita Imigth equal to that of (he abort leg. A move- 
able tube tipim ut bottom and niwid aliovn ia fitted to slide in the last, and 
ii uf such a bore that dm mnm between its sides and the exlmuating tube 


0 capacity -of lih© siphon , To use instrument, fill tl^c wide 

1 water, or sOmeotKer fluid, and place the short leg into the liquid 
lantod 5 llien close the orifice, of the long log with tlio finger, and' 
moveablo tube (by tho ring' attached to it), and thd siphon will 
od. In using this instrument, the fluid by which it is charged 
mix with that which is decanted, as In No. 260. The opparatua 
imple than a syringe aind wnot liable to be deranged. <lBy using 
both tho length^ aud bom of the charging tubes mUy be^eatly 

As those tubes thohi selves ^constitute a siphon, (see Ncf. ’236,) 
r end of tho .small exhausdhg one should extend a little abbvd 
)h contains the ^ charging fluM^lqst this should occasionally rise 
orifice — *in which case iiho whdb would be* drawn oflP. A dasorip- 
)i$' siphon M>as published in the Jcfurnal'of the Pranldin Insiitu*to 
mber, 1884. ' ' . t ' f : ' 
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!65*^6 mpresent another mode # chatMng aiphons/on the same 
!f but theapparatua ii ruora ^nd Is Uoaotnpanied with some 
adyautagpi!. ^ Tho siphon itselt hai ^o epthauating pipe attached 
, is a henl^^tubo simply. It is ^put*m, Operation l>y moans of a 
tj.tubo of about the'imm<5 length as the dUolmrging log, and having 
jm .closed and a lip*or upou^ formed on its upper edge. This 
vessel is filled with .water (ur other fluid) and the long leg of the 
iserted Into it. The slvort logis then placed* into the liquid to b© 

I and the mQveablD, .tube drawn gently clown. Tho air within 
rarofled and thtr umtrumQnt ohargod in conBciqucnice of tito vacuity? 
e long lag by ^ip rooeding liquicT. The moveablo tube may then 

S r withdrawn nr nqt as oircumstancos may diatato, ^ If A©' liquid 
ocanted at intervals, or tho stream increased oi^d^WniiMed, the 
mid bo used ; thus? to lessen or stop tlio diaohar^ .dldenip Uio 
[ aa tlm lip approaobes to a level with the surfeca i^the.TeBervcur 
Ltn will bocoma loss and less, and by raWng itistitl higher, aa in 
, entirely stopped^ Hone© tho instrumoiit acts is a perfect cod, 
h the liquid may be dkehargocl in single ^Arqps or in a full stream, 
ke the ordinary brass taps, k can uhvir la^^uor require repairs, 
.pparatus also porforras the part vte. by aocuratelydnciy 

tie surface of the fluid within aW vessel to which it is attached. 
> wa wish to know the quanUty oniquid remaining in a deniiyohri^^ 
• oloso vesflol, after drawing off part W on© of thasa siphoxijs) all 
squired is to slide up tho tub© tiil the fxf&d barely drapsHftom A# 
surface in tho tube will then bo on die Mwe Icvd as in ^the demn 
r dm moveablo tub© bo made of glass, the quantity left ;can always 
rn at aight, because its surface in the tuba would. always tra visible, 
e of thw kind might bo employed to draw off and to guoge dm 
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contents of standing casks. It would bo bottom to make tlio digdiam 
log of this Biphon of ratluir larger boro tlmu i;lio short ono, since the rar^^ 
laction would then bo mom landucu, Tlio discharging log must alwa^ 
bo iiiaortod in iho movoahlo tubo boforo tho aliort ono is placed in th 
Hquld to bo translorroih (Soo Journal of tho Franklin Instltiuo for Tni,! 
and Novoinbor, ^ ^ 

No, 2G7 is (hrinod of a conical tube, and cliargod by the act of placing 
it in tho lluitl to ho transforrod. Tho oud of tlio long leg is first closed 
tight by tho /itigor, mid shurt: ono then immersed as doop us can he 
convoiiuuitly in lh(» liquid. Tlio iiir being tlius coulitiod provouts the liqu^ 
from ouloring, hut when tlu> iingor is withdrawn, it is urged up the short 
log l)y tho hydri»HUitic pmaHuro of tho cuhunn over tho orilico or tlio ktter 
and tho mummtam of tlu^ largo vt)huno couUiinod in tlio lower part drives 
aullhneut ovi'r iho bond to put tlio inHirurnonl: in operation. Tlio action 
of thin Kipluwi ihquuidH upon ibo Humo ]n-iuciplo as tho spouting tubes 
doHcrihod in llm IukI cimptor. Tliis siphon is in fact inoroly one or these 
bent into a pmpi'r loriu.^ Tlio IhmuI Hhoiikl ho a regular curve in order to 
proHonl as little oi)«truction a« poHsiblo to llio lupiui in passing over: it 
«iu)uUl also ho hh to roipiiro leas of tho passing (Inid to fill it than 

a longer one. The proportioim of dm difierenl; jiarts of those siphons 
ahonld npproiielj tho^m reproHontod in the cut, Small siphons on this plan 
are limiUMl in tlu'ir ajiplicfuion to iboHo cases where the short legs can ho 
immerflcd ludflhtur depth or tnoro; bni ibi^ iipjdiciition of largo instruments 
incrmuieH with ihi^ depth. (Seo No. 22f) and remarks upon it, page 499.) 

NoH.2(»H*-fi are blowing aiplinns, being clmrged Iw nlowing with tho 
inmtih ihrougli the tiihes connocled to the ovifice.s of the discharging legs. 
Tliirt nnuhMjf |jro«lu{‘iug a ytieuum in one pipe liy blowing air tlirough 
another is Huflleiently explaintul in ti previous chapter, in No. 2G9, the 
junction of tlie Hiphoii wllii iho blowing luho is flnHli or smooth in tho 
interior of tl«f liittiu*, mid wlumnvor this is (ho case a conical njutago must 
be lulded as repntHonttul, or tho instruirierit ctmijot ho clmrged, (Seo 
nnimrkH on lilowing inbeH, op, ‘tHh-?.) Tho htJtl.er way is to make ilie 
liinhon like No. 2fiH, in which a part of tlio log projects into tho blowing 
tnlm and diverts tho eurrmii of au* from tho lungs over tlio orifice, as in 
Nob, ‘7, and 'III, 'riioso are more readily charged than tho others, 

and althougli they will operato without the conical njiuage, they are much 
easier chargtnl with it. ily mudi si pi ions water may i>o raised ono or two 
feet by it mnart pulb They are safe and convoniont to transfer acids, ko. 
aa there is not tho Innst tliinger of reeoiviug any portion into tho mouth, 
as when Mucking siphons are ustnl. 

Sipltorm aro now iiHcd, as thoy wore liy tli(^ Fp^ptians in Horon^s time, 
to convoy water to conHitlerablo disiaiioes. \^ion they aro laid over 
ground that in tdovaieil ii'oin 20 to 2/> i*oet ahovo tho spring, n quantity of 
air 10 diiungwgeil IVoin the wiiior at, iho liighcBt parts of tho tnbo, and accu- 
mulating there is very apt to eaufu* the mulon to coaae. To prevent this, 
a close veuHtd, rurnislnal with a cuK*k and runiud at tho top, should ho con- 
uccuhI at iu Imttoin Iti the IdgheHt part of the siphon by a atop cock or 
valve. The air two I veil IVnin the water will collcict in this vessel and 
Rhoiiid lie occasional ly tlrawn oil* in tlio (‘ollowing inarinor. Sluit the lower 
cock ami open the one aituchinl to tho fiuimd ; tlien expel tlio air by filling 
the vtmstd with water and turn tlu^ cocks ns at first. Aa froali portions of 
air firiHo from tho liquid, they will fuiter the vofisel ^and drive the water 
down tho iliHrlmrging leg. Wlmri tho ground is very uneven at the 
liighest jmris, the several erniiunicofi of tho sijihon should be connected by 
small tuoes to tho air-clmmbor. 


529 


Water conveyed over rising grounds hy Si;p1ions, 

e known siphons from a quarter to half a mile in length, and 
3 adcn pipes only half an inch in the bore conimue running from 
en months without once stopping, although no air-vessels were 
them. In one case the pipe was 1200 feet in length, the orifice 
larging leg was but five or six feet below that of the receiving 
le highest part of the tube was from 12 to 15 feet above the 
;he spring. 

on is cuiTcnt with somo writers, that the extreme elevation to 
ir can be carried by siphons was unknown to the ancients, and 
, the most celebrated writer of antiquity upon these instru- 
not himself aware of its limitation to about; 30 feet. It is not 
Elcron was thus ignorant; but if he were, it would only show 
department of the arts he was no practical man. That ancient 
nd pump-makers, who prepared and laid large siphons were 
iG limitation there can be no doubt, just as the same class of 
yere in modern times with regard to pumps, before philosophers 
nod of the fact or able to account for it As however siphons 
ng water over hills and to great distances have always been 
trrcnce, (comparatively speaking,) it is not at all surprising that 
lydraulic engineers should have been thus ignorant with regard 
iiough familiar with the extent to which water can bo raised by 
z pumps. If some of these men have talked of conveying 
phons over mountains, wo never hear them speak of raising it 
ivadons through the shetion pipes of pumps. Daily experience 
the latter to various depths prevented thorn from falling into 

^orta, in the 19th Book of his Natui’al Magic, speaks of raising 
siphon to the top of a liigh tower, and several old writers have 
mccit. This was in accordance with the ancient doctrine of the 

0 denied the possibility of a vacuum.* They attributed the ascent 
li rough siphons to nature^s abhorrence of a void, and imagined 
in to bo unlimited. But these men were philosophers, whose 
owlodgo was confined to portable experiments ; had they been 
imp-makors they would have known better j they Would have* 
vocatca for tho opposite doctrine — vac 2 iists. So long was the 
) plonists maintained, observes Switzer, “ that I have seen a 
Lchinos, written oven in Queen Elizabeth's time, by one Wardy 
, who ventur'd to give a sketch of a high liill, and a house at the 
lido, over which, by a vast extended syphon, the water was to 

1 from one vale to another.” The author of tho old treatise, 
^rfc and Nature,' quoted at pp. 321, 375, was of tho same oph 
iw to convey water over a mountain : this experiment is as easie 
rmed as any of the former, and indeed after tho same manner, 
iBt lay a pipe of lead over the moiintain, with one end in the 
^ater that you desire to convey, and the other end must lie 
lower j then open tho pipe at tho top of the mountain ; stop 
>f the pipe, and with a tunnell fill the pipe full of water ; then 
exactly that neither oyer nor w' ate r may come out thereat; then 
h tho ends of tho pipe, and the water will run continually,*' 
lecaus appears to have bden better informed, if we may judge 
imai’ks respecting the perpendicular length of pipes of atmo- 
nps. In large engines, he recommends tliat they he not made 
et ; and including the working cylinders, ho says, ” I am^ of 
t it [the water] must not be constrained to rise more than thirty 
^ht,” Tho second plate of his ” Forcible Movements” repre- 
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aontfl two atmoai>liorlc |>umps plaeoil oiio abovo tlio oUiur, ami tlio lowest 
one rniseil it IVmu "24 U) 30 liuit," oml tlio ujipiu' tmu ■■ ttmy raise it from 
thoiico 24 or 30 ibot" liiglier. Tlio “ Forcililo Movoimnita," it will be 
ruineniborcKl, was publiabocl alioiit thirty years Iiefurii ibu diseovory of 
utrnoBphorio proHHuro, 

CtmtvivanceH fur ciisoluirgini^^ wtitor freun dm /lighcsC jniH of siphons 
liavt) (jfuMi lu'oit Tht'y to ))o Avith in Hnvoral old authors 

tuid dm pnnoiplo ol most t)f lluun imiy ho liuind in tlm Spiritalitt. They 
art) liowovor auUloiu tuu])loYtHl> ImcauHo clrcuiUHlaurfH on wlimli ihoy de- 
pond vuroly occur; and tiUmr dovitu^H urn pridonddo nvon vuulor those 
circuinstiLUCun. A^doacripllvo ucciuuit ui’ u low of ihoui may iutoroat eomo 
maclmiiHls, and hd Borvicoahlo ttj (UluwHp v\%\ l»y provonung them from 
oxpinuliug tlmir mmrgioM in duvising Hunilur Indnod in tliis roapect 

bookH wliic.h omilttlu acdounlH otdy td’tho irm(djim*H urn not always tlio 
most nst'iid to intmUon, In wljatiivi‘r di!|)nriimmt of dm arts tlioso men 
oxorcisa tlunr udtmla dioy uro nlnnmi. orn’lnin to full ul ono tiino or nnodior 
on old dovicos, which appoav to limm hoth now and cupuil lo aimilar plans 
in oonunon \mu Book» dioroforo which rojootoJ and aiiUquatod 

(u>ntrivutmo8 urn not so woriidcs^B uh hooio piU'^innH innigintj. 

Oim plan to raijjo water hy a Hiphou ciiiiHitUH in onlnrglng or flwolling it 
out at or near dm licml, ov whut lomiunlH to iho muno thing, coimooung 
tha lags to an air-tight vojjhpI j and wlmn tldn !im*nmcH lillod the commu- 
nicnliun hntvvuon it mid Urn IcgH-ifi cut olV hy vidvoa or c.ocUh, und tho 
oonUnila drawn oT, VVlum thia \h dom^ llit» vcHmd rmuiunn 111 led with air, 
whicli if atlinilUul into dm Icga would sUop the iicilon id* dm siphon, It 
niUHt thuriToro, in order to oxpd dm iiir, Im fdlod with houio licpiid to 
replace that drawn out, ►Suppoim a aijihou of duM kind Im doHigned to 
nuHO water for tlm supply ot’ n dwidllng, in or near winch dm vessel is 
plawl, it. may dmn hn rolillcd with rornan or inqmro water, which on 
adjuBfing the cock a will puna down tho di^icli urging log. Then aflor a 
short timo nlajmoH, dm vohhoI will again lu' ltlli*d with IVoah water, which 
may ho again cxc.lmngod for iln^ fianio ()uantiiy oriiupnrc. 

In locations whore rivor, uall, or any other water can tlius Im oxchangod 
for freah, luul it i« dcsiinihlu to do lio, utudi dovicoa urn upplicalvle, (In 
brttwerioa, dUdllcrlcN, to, tlm ilcuccnt of oim liipiitl may thus be made tn 
raise armdmr.) It should however b« oh^orved that an ct|ual ipmntity rmisr 
bo given for that received, arul it imiat de^ceml ralhi'r ruuro dian dm latter 
rist^H. Bui when ciixumaiancea alhjw iheHO condidonH to he fnirdluil, the 
appnrahm not always to he tlc[nnidrd u[iitii; air lnfiiinuu<}ij Itself through 
tlm minnleHt irnjWM*fectionfl in dm pipon and (*ocka, and oluui dorangos tnQ 
whole. One (d tlieso Bijdumii m deacrihed lu NicholHoifs Journal, 4to. 
vtd. iv, and in vol. it, of Oregory'u MmdianicH. Another in tlm Bihlio- 
thenim ridf»lco-Kcoia»rniipto, whii'h ifi copied in vol, x, of dm lieportory 
of Arts, Ihl weriei. Another fignnol in Art and Nature, A, I), 1633, 
with two demo rmuTVoirf^ at tin' top; and Borlrg in cup, IJ, hook xix, ofliis 
Magic, dcacrilms another, \vith the rloue ve?t^ol on tho lop of a tower; the 
disdmrging leg h dejmribtnl a*? terminating In nnotluw close voshoI of tho 
saute sixe an tho orm ahove, mid rnrnitdu'd with a cock and funnol through 
which U) fill it, and anoilier cock ttj diichargo tin; c.ontmits : this charg- 
ing vessel from Ids dc’^Tiption appears to have been placed o/i dm ground 
ti lif.rlo bfdow tlm spring and ilien emplied— If so, iImj appnrntuH could not 
act. flo dotm tmt appear to have been aware of ilm neci'Hsity of tho coii- 
tuntH of tlm lower venud hetng di»a*harged from iht*. on lice of a pipe as 
much below 11*3 the rucinving versed on dm lower was above tlm spring. 
Tlm device (whicli ho prulmbly imperfectly c(n>ied from some older author) 
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bo tno same as tlio siphon for raising water which Gravesande 
in iho second volume of liis Philosophy, p. 39, plate 74. 

. of theso devices are not only subject to derangement by the 
cocks and valves, and want of care in opening and closing them 
or times, but they require almost as much attendance as would 
iso the water directly from the spring. On this account various 
8 have been proposed to render them self-acting. 

[lious device of this kind may be seen in the Gentleman^a Ma- 
L747, p. 582. It is named a “ lifting Water from a 

oceivod into an open cistern, from the bottom of which a pipe 
I a perpendicular depth of 33 feet. Tlio bore of this pipe is 
o[)onca by two stop-cocks, one at its lower end and the other 
ppor, or just below its junction with the cistern. A close 
coivc tho wtttor raised is to bo fixed at any required elevation, 
ing 30 feet above tho cistern ; and from its bottom a pipe 
;> within two inches of tho bottom of the cistern. This pipe 
tho flliort log of tlie siplion, and its iippcr orifice is covered ay 
rovont the water that ascends through it from returning. From 
Jio cloflo vessel a small or exhausting pipe proceeds down to 
noath tba cistern and is connected to it below tho upper cock, 
id they may bo considered ns the long log of tho siphon, al- 
or only descends tlirongli the lower lininch and nir through the 
The apparatus for aUcrnatcly oponing and closing tho cocks 
ill tlu) action of tho machine doptuids) is somewhat similar in 
that represoiitcjd at page 354. A buck(it containing water is 
tiovor ; a rope attached to it is iiivssed twico round two rollers, 
torptnso is susptujdod from tlio other end of tho rope, Wlion 
is partly' filled it preponderates, and wlmn it is emptied tlie 
10 prevails ; lunico an allornating movement is imparted to the 
to the plugs of iho two cocks, as tho shanks of theso constitute 
f tlio rollers. 

br making siphons of this description solf-acting by means of 
^ placed one over tho other, and each provided with a siplion 
its conlontB may bo discliarged, was proposed by Mr. Wm. 
richolson^s Journal before referred to. 

M. ITachotto lias combined the ram 
of Montgolfier with tho siphon, in order 
to discharge water from the apex of tho 
latter : boo tho annoxod figure, A tho 
short log and R the long or discharg- 
ing one, Tho upper ond of oacli termi- 
nates in a close chamber within which 
two valves attached to a pcrnonclicular 
rod are made to work. The upper 
valve cloflOB an opening in tho IjoriKom 
tal partition that separates tho interior 
of the chamber fi'om tho air-vessel and 
jot pipe above. The seat of tbo lower 
valve la at the orifice of R. Tlio dis- 
tance between tho valves is such that 
when one is closed tho oilier is open. 
Their movemoiUs are produced as in 
the ram ; a coiled eiubig keeps the 
upper ono closed till the momentum of 
), 370. Uftm alptioru the fluid in passing through the siphon 
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glnits tho lower one. Tho lower ontl r)f II m furniahoil with a cock, and 
that of A with a valvo opening ontwanln, for tho purpoHo of charging tho 
siplion througli an opening ut Ih When in u[mnition, the water after 
running a littlo whilo accjuirea Hullicient niunuintuin to «luu tho lower valvo 
upon wliioli a portion rusluJS into the uir-veaHol and uaeanea in a jut; tho 
spring then closoa tho upper valve, untl tim fluid tl{}sctu)ds through 11 til) 
tho lower vulvo is again closed and anotlier jet produced. 
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Fountains! Vnrloty of llielr form*, nmumnnta 1^n^ ffanlonors-CHriojw 

fbuntulnu (Vmn Um-ttus— Fininuln# In uUt U«rtn> ‘“Wnlef l^anina trum auuiom wFounuins In Voinpoll-^ 
Aiitnmianit irtimpotnt^FuiiiUnfns l>y John or ttohi^nn b«iI Mi Angolu-Mflil tbuniMns In Nuroinljorif, 
AugsUiirif nnil llrii0iipl&-4^hMkeBjn!»»rn, Urayuni onU Hpphifor Fiiutiininei of Aldnons—'rij^ 

ynuiiiiei* I'llny’s ncrumu of fmmUtn't In thti )tnri)on»i>r liNTiWi Jin yllU 'KbiIuk In dwtUna-Alluiled 
tu in Solomon’s Houif-4-’hlo llio Cenwr— WniBnlnr fnnniBUot In Holy ■ Fonninlns tloKrUieiil by Muroo 
Fmilo «niJ olhor oltl wrJtorA**>'l*rnJ)lBcUi)» for fttnfli ittl irora In ruoiWBlna PorAtmoA nnt) muskft) foyn, 
lttin8““Fcmnl»ilna wlihtu luiblle Hiul nrWnlo lioilillngi*- Knormous t nai of porAiwml ivttlitrs nl Hmnnu 
fniiMUi-«I«tirnn (luolml'^thtmiluoUnn of ruunlnlns tniri miKiBrn (ht^nUofl nuii t lmroboB rocommoinleib 
Fomit«ln« In Iho fljmrimnnlB of KNAjern ronvnyfiii ihrowjfti pipe# by wnalsnw Imo 

floliU fur tlin UBo unitoir f.ntlln<»^Thrne nnd tbuyi^WKy osoks. 

AuTirnuAi, lonntuiiiM and jetH d'eriu are nf I'Xlreine nntli|uity : although 
they wi‘re not (like natural enen) uiijeetH of’ \vornhi[i utinuig the anciniUfl, 
tlmy were at leant Ijehl in great t^^iiniadon, und unimiml rare was often 
taken in deHignlttg aiul deceriiting them. Ituhuul \u\ oilier hydraulic 
devlceahavo iwv.v liecui mo greatly and vuriounly enriched with ornamom. 
The plpe« of supply weni conrealetl in tudmunM, and their erificea 
wrought into nurnuriius ernhieuuttte figtireu, (f^ee page U0,) whilo tliu 
briBlnH that receivetl ilie flnid were gen rally of polished marble, Homo- 
tlmcH the pipes terminated in muuui*m of men, women, children, animals, 
birds, riHlins, vaBOs, gods, goddesfieH, hVom tliern the fluid apoutod 
higii in thri air, or wa« dlftcliargml directly into receiverii, or broken in its 
descent by intervening objects : oftentimes it wan made to /low over tho 
rim of a vane, to isMue IVorn oUu»r^^ that H»M*metl to have btem accidiuually 
overturnod, and not inrrmpmntly ilm figure tjf a lenmle poured it from a 
pitcher, 

From tho facility of applying water us a motive agent anotlior feature 
was added. Various laifoinata were [uit in motion by meclianism con 
coaled in Urn base or pedeslal frftm which the fluid iMHuinl-^— figures o( 
men blow IrurnpetM and played on organn, and automaton birda warbled 
forth notea on adjacent tree«. (tSueli ilevicea art^ described by Heron.) 
All tho Ronsoii were often gratified at tleme foiinmiiifii; flut sultry atmc* 
splmro was ooolod ami remlereil graterul to i)m feeling— tho sparkling 
Ihjuid ([lumclmd tho thirMl— sight was gratified in (uinuunplaling thodoflign 
and (ixecullon of the whole, and nolicingthe ever^oimnging forms asaumnd 
by the moving fluid — tho pleasure derived from llie nound ed* falling water 
huH ever bmm noticed by poet#— ami not to forgot the aeriso of smolling< 
in UioHo fountaiiiM time wnro designed only tti moderate tho Uimpcraturo of 
tho air, tho water was often perjumctl. 
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3 of old landecapo gardonors for fountains and cascades, ser^ 
3ams, and other pieces of water-works'^ although derived 
ast,hadit8 origin in nature. “Even as Paradise (says 
ust havo boon deemed an immodelled and imperfect plan, had 
watered by tUo samo Omnicient hand which first made It, so 
i and fields, tho nearest epltomy and resemblance to that happy 
i is to be met with hero below, cannot be said to be any way 
capable of subsisting without it." These men contemplating 
13 a f^ardon endeavored to copy it in miniature. They con- 
tvos for deer and reared diminutive forests for game — they 
58 and stocked thorn with fish — walks were made on tho margin 
;orront8 foil from artificial mountains, and tiny streams wound 
lu'ougli labyrinths of reeds and of sedge. Springs were scon 
t of^ rocks rudely piled up, as if thrown together by nature, 
,ic birds sported in basins bolow* 33ut thoy wont further, for 
lots were thrown up so as to rosemblo bundles of reeds, others 
d like wheat shoals, or branched out like trees. Sometimes 
wore directed so as to form avenues and alcoves, as of chrystal, 
:i tho sun shono produced a magical effect. Even hedges and 
gardens wuro imitated. “ Tho hedge of water (says Evelyn) 
lattico-worko wliicli tho fon tanior caused to ascend out of the 
grooB cxcocdingly ploasod and surprised mo," 
lo reins still more to their imaginations, these artists were hur- 
igular puerilities. They made tho fluid to spout from tho sides 
1 mouths of birds, and other incongruous figures. Swarms of 
ties were also pressed into their service ; and not content with 
>wing water through his sliell, or Neptuno pouring h; from an 
of the latter wore made to rise from tho bottom of deop basins, 
by spouting dolplnns and accompanied with AmphitritQ and a 
ni nymplm, sailed over his Quid domains to allay tho tempest 
iiirri up ! 

tisos on water-works are full of such things. In “ Art and 
bptuno ia figured “riding on a whale, out of whoso nostrils, as 
Neptune’s trident tho water may boo maclo to spin tborow small 
Other devices consisted of “divers forms and shapes of birds, 
hIiob} dragons, swans, whales, fiowors, and such like pretty 
Lving very small pin holes tliorow thorn for tho water to spin 
riio 15tb and IGth plates of Docaus’ Forcible Movements 
10 mechaniam of “ an engin by wliicli Galatea is drawn upon 
y two dolphins, going in a right lino and returning of herself, 
elope plains upon a Qajolot," And the 17th and 18th plates 
ine drawn hy sea horses, preceded and followed by Tritons, 
ul a rock on which Amphi trite is reposing, and from which 
shing forth* 

H for supplying tho inhal/it'ants of iotms and cities are frequently 
in scripture, but it is difficult to discriminate between artificial 
OBO that woro natural. In tho early history of Romo some are 
Tho nows of tho victory obtained over the Tavquins and the 
lalium was conveyed in an incredibly short time by two young 
^ Inivo been Castor and Pollux, who wore met “ at i/ie fountain 
fit which their horsoa foaming with sweat wore drink- 
arch in Paulns JErnilius.) Statues of Jupiter Pliivius, of the 
od Canopus and others, were erected over fountains, tho liquid 
n difiiirent and somfUimes from Jill parts of tho bodies. On the 
Ciesar was assassinated, ho was implored by Calplmrnia in 


consoquonco of a dream, to remain nt homo instead of mooting- tlio 
tors according to appointmouL, a circunistanco to winch JShakospoare thus 
alludos s— 

Dedws. Moat mighty Cmisar, lot nu> Icnow sonio ctiuao, 

Lest 1 bn Innglmd nt when I lull tlimn so. 

Cmar> (Jelplmrnia Imra, my wife, elnyH me tit lioino j 
W)j« tlnutmi io*night slio «etvv iny st/Uudf 
Wliicit IH%6 (tfmmUHn, wiili a /fundraU sj/oufs, 

Dili run pant binnci, mul nmny liinty UomiinH 
(*tunn Hiniling) nml did bntbu ilmir ImmiH in it. 

Pliny (xxxi, 2.) spuaks of a lounluiti from which water ran aC 
ptpvs,^* From oxtuivuiions mmltj at Pompeii, it ajtjnuirs that in almost, every 
UnH tlient was a ioimtain, ami that hrotiKO atiUuits, llirongli wliich tho 
water isHUod worn couunon. Sovonil have Imen found — Cour or fives are 
boys of beautiful vvm-kmsuiMhip ; tlm iUiid iesutul from vases resting on thoir 
filumhim-H or liuld under their arms, utul in aomocnaea Iroin miiskfi. Paint- 
ings of elegauL ftinnUiiim, frem which the water iaaiied in perpendicular 
jets from vases, have also been discovored boil; at llurculauoum and 
lh)inp(ni. 

A circumstanro numiioiicd by SiuUonlus in his Life of Chuidins, the 
successor of (luligula, althouglinot direculy rehiUul to this ])art of our sub- 
ject, shows tliat Roman tmgbumrH wi^rn quit^^ at home in diwicos aiuilogoua 
to those moving and musical siatues, which two cenluriim ago wore so 
aoniirion in European fountniuB. Pro vital a to drawing tdV the waters of 
tho lukti Furiiuis, tlie emperor exhibitml a naval conllict, in winch 19,000 
oriminaU wiu*n im gaged against tmcli other in two ileeta. An immenso 
multitndo of spectators altended. (lluticliim preaidml droHsed in a ooiU of 
irmil, and with him was Agrippina in a matule of cloth of gold. Whon 
tho two (leers were ready to engage, a Triton qf Mrrr me up in the rniihl 
of thr hthr tind HoHmUd the rh(ti\i^r. 

Of moilerii street fminlalnH nmtiy <MirimtH ones two to 1)0 seen in Italy, 
Fninco ami Oeniiany, while deHcriplioim of otlnu’s, no longer extant, may 
be found ill Misson, Hlainvilio,nml oilmr writers oftljo last century. Thirty 
folding plates, representing stmut f>f the most remarkalile, are attacliod to 
BwiuerH Uydrcmtaiics, A colossal statiu^ of Jupiter Pluvlufl, in a singu- 
lar iiloopitig jmsition, was deaigntHl for u iinmtain at 'iVatolino, by Jolm of 
Bologna. Ihe extrcMnitioB are of slums but tho trunk in furmtaf of bricks 
overlaid wllli emuent llmt 1ms acquired the hardm^ss of marble. A num- 
Imr of apartments aro cmmtructed within it— om* in the lumd is liglttod 
tlirough llm eyedmlls, which sorve as windows. To ndil to tho extraordi- 
imry ellect, a kirn I of crown is formed by little jetteux that drop on tlio 
shtiultiera ami trit'kio down tho figure, ahedding a sort of supernatural 
lustre when irradiated by tlie sun. Uim hand ol’ tho figure rests on tho 
rock as if to support, itself, while ihti other is placed on the houd of a lion, 
from tim rmmth of which tho principal stream issues. 

A fountain deaigneil by ^licllatsl Angelo is deacrlbcnl by Sir Iloury 
Wotton m ‘amatehlefis pivttttrn,* being ‘ the figuri* of a at only woman, wash- 
ing and winding lintui ritiihea; in winch act sho mingn out. the water that 
made the fountniu, which was a graceful uml iialural ctmeeit in tho arti- 
ficer, implying this rule that all (h^sigtm cjf this kind Hltouhl be proper.’ 

Of remarkahlis feurutiiim at Nunujiberg, Blainville lum mnicod Bcvcral, 
t)f one lie observes, *' lu buBin \n an nciugon in the middle of which stands 
a largo brasa pillar ; from its chapiters j>roject hIx irmvr/lea of liotis, each 
of winch HpuriM water inla the air out of a twisted pipe. On tho coniish 
are the six cardinal virtues, winch squirt walor from their broasta. On tl is 
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p. 7.] Bliake^j^carcy Drayton and Spi^ncer quoted. 

r stands a* less one fluted, upon which are six infants, every one of 
m loans on an escutcheon bearing the arms of the empire, those of 
emberg and other towns ; they are all of them sounding trumpets, out 
hick water jets in plenty. On the top of this second pillar is a line 
le of J usticc, with her sword in one hand and her balance in the other ; 
likewise sends water from her breasts, and supports herself upon a 
3 ostrich which spouts water most bountifully. All this is in brass 
3undcd with an iron grate carved and gilt/^ (Travels, i, 197.) 
nother at Augsburg lie thus describes : In the middle of tho basin is 
uiblo pedestal, at the foot of which are several sphinxes and statues 
ug water into tho basin, some by the mouth, others by their breasts, 
three by trumpet-marines. On the four corners of the lirst pedestal 
four fine statues big as life ; their feet rest upon four very large shells 
which they pour water, some out of vases, others in another fashion. 
n the top of tho second pedestal la a Hercules combating the Lerneau 
liW' ^ (Ibid. 291.) 

Id writers represent Brussels as well supplied with Avater 150 years 
as Bomo itself. There woro twenty public fountains at the corners 
to principal streets, and all adorned with statues. In the herb-market 
3 figures of four boautiful females squeezing water out of their 
sts” — a favorito dcvico, and another equally popular Avas adopted in 
fiendid fountain near tho Carmelite church in the same city ; ‘‘Tout 
de cetto Eglise est Ic Mannoke-pis, c’estla statue d*un garden, elevciu 
lano colonno j du haul, de laquello il jetto de I’eau, comme s’il jiissoit, 
Ba pipe, jour ot nuit, dans un bassin qui cst au pled do la coloiine. 
t uno dos sept morveilleuscs fontaincs do la villc.** (Lc Curlcux 
qualro, tome i, 176.) 

iiakcspoaro often alludes to the figures of old English fountains. lu 
iter’a Tale, Act iv, Scono I, ho compares the old shepherd to “ a weather 
in conduit of many king’s reigns that is, to a statue from which the 
31 *’ floAved. Henley In commenting on the passage observes : “ Con- 
3 representing a human figure were heretofore not uncommon. One 
lis kind, a female form, and weather heaten slill exists at Hoddosdon in 
U.” In As You like It, Rosalind says, she Avill weep “ like Diana in 
fountain” — an allusion to timt erected at Paul's Cross, whore, after the 
jious images had been destroyed, (see page 106,) “ tliorc was set up 
rious wrought tabernacle of gray marble, and in tho same an alabaster 
JO of Diana f and water convoyed from tho Thames, prilling from her 
3d breast,” 

►rayton, a poet contemporary with Shakespeare, alludes to fountains 
their basins in his Quest of Cynthia. 

At length I on a fotmtain light, 

Whoso brim with pinks was platted, 

Tliu banks with dulTodilios dight 
Witli grass, llUo slouve was matted. 

I Spencer in tho Dairy Queen — ■ 

And in tho midst of all a foimtaino stood, 
or richest fiiihstanco that on earth might beo, 

So pnro and sliiny, that tljo silver flood 
'rlirougli every chaiinol running one might see. 

’ountains have olways been indispensable adjuncts in oriental gardens^ 
they doubtless formed conspicuous objects in those of Babylon. Tho 
fountains in tho gardens of Alcinous, from their elevated position and 
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the abundtince of water they poured forth, must have greatly contributed 
to the b'eauty and effect of the surrounding scenery. 


Two plenteous fountains the whole prospect crownM ; 
This tlnrough the garden leads its streams around, 

Visits each plant and waters all the ground ; 

While that in pipes beneath the palace flows, 

And thence its current on the town bestows. Ody. vii. 


The younger Pliny's description of his Tuscan villa contains the only 
detailed account extant of an ancient Roman garden. As might be sup- 
posed, fountains and jets d'eau frequently occur. Tho front of the house 
faced the south and had several porticos. The terrace was embellished 
with hedges of box, and the lawn overspread with the soft acanthus. At 
one end of the front portico a dining room opened on the terrace, and 
opposite the centre of the portico there was a small area shaded by four 
plane trees-, “ in the midst of which a fountain rises, from whence the 
water running over the edges of a marble basin, gently refreshes the aur- 
plane trees and the verdure underneath them.'' In the same 
vicinity he describes ** a little fountain playing through several small pipes 
into a vase." Speaking of the view from the front windows of a spacious 
chamber, lie observes, they look “ upon a cascade, which entertains at once 
both the eye and the ear,, for the water dashing from a great height foams 
ovoPtlie marble basin that receives it below." 

After mentioning bathing rooms and other apartments, walks, meadows, 
groves, trees, &c. Pliny continues — “ In one place you have a little mea- 
dow, in another the box is cut into a thousand different forms, sometimes 
into letters^ expressing the name of the master, sometimes that of the artist; 
wliilst hei-e and there little obelisks rise, intermixed alternate with fruit 
trees ; when on a sudden in the midst of this elegant regularity you are 
surprised with an imitation of the negligent beauties of rural nature. In 
tho centre is a spot surrounded with a knot of dwarf plane trees. Beyond 
these is a wall planted with the smooth and twining acanthus, where the 
troos aro also cut into a variety of names and shapes. At tlie upper end 
is an alcove of white marble shaded with vines, supported by four small 
Carystian pillars. From the bench [or triclinium, a species of couch on 
which the Romans reclined to eat] tho water gushing through several 
little pipes, as if it wes’e ip7*essed out by the weight of the persons who 
repose themsolves upon it, falls into a stone cistern underneath, whence it 
IS received into a fine polished marble basin, so artfully contrived that it 
is always full without ever overflowing. When I sup here this basin 
serves foi* a table, the largest sort of dishes being placed round the margn, 
while tho smaller ones swim about in the form of little vessels and water- 
fowls. Corresponding to this is a fountain which is incessantly emptying 
and filling ; for the water which it throws to a great height, falling back 
into it, is by means of two openings returned as fast as it is received.'^ 
Tliis must have been either a modification of Heron’s fountain, (No. 1G3,) 
in which, tho water would ajppear to be returned, or some concealed force 
pump throw it back, 

The practice of eating, and even of sleeping, in gardens during the 
summer months, has always been more or less common in the East. In 
Solomon's Song it is obviously alluded to. “ Thou that dwellest in the 
gardens," that " feedeth among the lilies, in a fountain of gardens,” or 
radio r a garden of fountains. Indeed a great part of this song seems to 
refer to that season, (and an.xiety for its approach,) when the custom waa 
for the wealthy to remove, like Pliny, to their country villas. It was very 
common with the rich Greeks and Romans, as well as with the Jews and 
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jr Asiatics, when the winter was past, tlio rain over and gone ; when 
llowevs appeared on tlie oarlh, and tlio tiine of‘ the siuglng of birds 
1 corno, and the voice of the turtle heard in tlio land ; when the iig tree 
fortli her groen figs, and tlio vinos with the tender grapes gave a%)od 
ilU’ — to hie away to their villas, and in the figuvativo language of tlio 
it, to dwell in gardens and food among lilies. The custom is based on 
le of the finest feelings of our nature, and it is on such occasions only 
; wo can roaliv,o some of the moat exquisite pleasures which our pro- 
itors in Edcn^ enjoyed. Motozuma, wo are informed by Soils, took 
uliar pleasure in su oping in Ids gardens, in which were 7iu7nerous Jhiin 
s and flowers of delightful variety and fragrance/^ 

?hat tlio Jews had fountains in their gardens and often washed in the 
ms during the heats of summer, wo learn from the accounts of Batli- 
l)a and iSusunnah. The fountains doubtless being shaded with foliage 
trees like those men turned by Pliny , 

)ato the censor, that terrible scourge of the luxurious Romans, ron- 
ed liitnsolf generally .obnoxious by die roforinuLions ho introduced, 
long other measures, “ he cut olF the pipes by which people convoyed 
;or iVom tlio public fountains into their Iiousos aQid gar(lc 7 is^^^ probably 
iccount of its oxcoflslvo waste in ornainontal water- works. IMutarch 
quoted an epigram, from which wo luani that 2>hysiog7io7ny of this 
ihratod man, like llmt of Socratos and Pliocion, was not very pro- 
fiossing. 

Wtih cyoH HO grey aiul Imir ho ml, 

Will) liiHltBHo Hlinrn aiitl Icoou, 

q'lioa’l fright the HlimiiiH wlion lUoii urt lUmd, 

And ludl wont lot tlioo in. Langhomo^a Trans 


fo give an account of modern street and garden fountains would bo 
tnulloss task. PescripLions of tho most romavkablo, as those in the 
dens of Preacati and v ersiiillcs, are too common to need repetition hero, 
5 fihttU therefovo merely notice a few singular ones. 

[’hero is no doubt that the general feiiluros and essential parts of ancient 
sy water-works were proaorvcul in those of modern Italy, wlionce they 
ru, including water-organs, spread over the rest of Europe, A sketch 
hose in tho gardens ut Pratoliuo will give, says an old writer, a general 
[I of other Italian works of tho kind. “ IkisideB Tritons, Cupids, and 
or statues which on a suddon cover you witli water, other streams 
10 from botwoon rows of trees, See, You are led into a grotto, of 
ich the roof alone is said to have cost 30,000 ducats, being all of coral, 
ther of pearl, and othor costly muterialfl j tho walls are lined with the 
1C, and the pilasters adorned with an organ, which hy moans of water 
ya several tunes. Here your eyes are diverted with a great variety 
moving figurefl : the god JPem strikes up a melodious tune wiili Ins 
ulh, at tho eight of his miatrosa standing before him. In another grot, 
angel carries a triim)>ot, puts it to his mouth, and gives you a tune upon 
In another, a cUmn earnea a dish of water to a scrpcTit , which lilts up 
head and drinks it;, Horn you liuve u mill grinding olives — 'in another 
aper mill witli tho hummors going. Tho grotto ol Galatea shows her 
nmg out of n door in a sea chariot with two nym])h9, and having sailed 
diilo upon tho water sho returns tho way she came, In the basin is a 
20 dolphin currying a naked woman on liia back, and swlinining about 
h several othor figuroB, all moving ns if alive. In another j)luco, you 
a curious round tiible fit to receive fifteoii guests, having a fountain 
ying in tlio midal;, wliilo othor streams play between every two peraon.s 
[supply them with water to cool their wine. The ivoonan of Ba^naria 


appears next, coming out of her houso witli two buokcU, and having filled 
thorn, goua back tluj sauio way. Moantirno you uro clivcrtocl with amitha 
thumping, mills going, and birds chirjnng an all which avo sot to 

work by tho wator.'^ 

In Dr. II. Brown's Travels, (Lontl. 1085,) are rigurca of one or two 
anolont fountains— ono, inCarinthia, of the form of a dragon, from whoso 
mouth tho water isauod. 

In tho year 910, an ornbassy procooclod from Oonstantinonlo to Bagdad 
and was roccivod with muoli jmmT) by tho Caliph Moctador. “In tlio 
midst of tho groat ludl in which ho gave audionco to the auihtiasudors 
was a Ore of massy which Imd (amongst othors) oightoori principal 
branches, wlioroou wore birds of gold ami silver, which clapped ihoir 
wings, and warhiod varimm notca.’ — (Martigny'js History of dm Arubiaus, 
iii, 323.) 

Marco Paulo, in tho 13th G(!ntury, nunitimii a fuunuin in tho gardens 
of tho “ Old man of tlm Mountain/' wlilch gave out wine, milk, and a 
mixturo of honey and water. 

UuhrltiuoB, in dm same century, saw a silver (rev at tho court of tho 
Groat Kiian, whicli poured forth milk and wiium of dinbront kiiuls, At 
the foot wore four lions, through oach of which passed a tube. On tho 
Bummit was tho figuro of an angol holding a trumpet, and which by aomo 
interior mochfuiiHrn was made to sound. It wa^ tlm work of a I‘Vonc!i 
goldsmith. 

Tliis predilocllon for trees as ornnnumts for fountains and gardens sooms 
to have boon of a more ancient date. The ‘jmlm trir tjf brass^ wliicli was 
consecrated to Apollo liy Niciiis, iiml placed in a field or ganhm purclmsod 
l)y him, [)robably served for a finuitain. It must have been of enormous 
dumuisions, siiico a fragment that wan blown olVliy a storm of wind, “ fall- 
ing U[>ou a large fltaum domoIiMiuuI it." (IMufartdi in Nirlas,) Tho 
petleslal of tluB statue luifi lnmn tliHcoviu’erl. A goldmi slutue of Pallas, 
riiKiin^h obs(n*veH, was erticfed in the temple of l)el[)ld on a palm tree 
of brass y wliieh hiul golden /ruiO T'hero are two other ctd oh rated trooa 
mentioned in history, bur ilmir ust's are not indieuitul, Wo lemrn from 
IIorotlntUR, vii, 27, ilmt Pythius, a native tif I^ydia, presentod Darius with 
n plane Orv of gnUL It was worth 5^ millions utorling according to Mon^ 
fan con. 3' ho golden vine «»f Arlatrdudus wan valued at dOD talents. It 
was carriiul through Rome in Pt)mjiey*s tinrd triumph, and afterward 
deptisitod in tho teunpio of .Tupitor Capitolimm. Another one, which 
Alexander took at tho sack of Thohea, was preserved at Romo in tho 
temple of Apollo in Pliny's time. This author htw a remark on the decay 
of tho art of working hrasH, which may here be noiicod, ’Ho observes, 
m former limns the artists worked win fame and ghmyt "hut now as in 
all things fdae for gain and /were only," (xxxiv, chap. 2.) 

One of tho fountains at V’ersailloa was in dm form of an oak /rce, from 
which tho liiiuid was dispersed in all diroctloim. (It u figured in ono of 
tho plates atlachotl to Switzer's work.) 

Among tho garden water-works at( !liaisworth were, 1. Neptune with 
his nymphs, wlio Hnoin to sport in ilte wallers, let out by a cock in sovoral 
cohunns, and falling upon soa^wotnls ; 2. u pond whom seadiorscs con- 
tinually roll ; 3. a irrr tf eappe/\ rosemliling a vvilhiw, and by tho turning 
of a rmnk every loaf drops wafer, which represents a showier; 4. a grovo 
of cypress and a cascade with two sea nyrnplia at top with jars undor 
their arms; 5. at tho battom of the rasemh* a pond with an arilficial rose, 
through which by the turning of a cock the water ascends, and hangs in 
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I’m the figure of that flower ; 6/another pond with Mercury polnt- 
the gods and throwing up water.^^ — Lond. Mag. 1762, p. 7/ ^ 

\, in his account of the Russian embassy to Ispahan, notices *those in 
irdens of the Scab. In front of the Hall of Audience was “ a large 
tin of pure water, which springs upward in three pipes and falls 
basin filled with roses, jessamines, and many other fine flowers.*’ 

0110 of the public gardens of lirussels, among other water- works was 
draulic organ. — (Le Curieux Antiqualre, tome i, 175.) 

R old device of artificial music combined with fountains, is thus men- 

l in the 17th Proposition of Worcester’s Century of Inventions: 

V to make upon the Thames a floating garden of pleasure, with trees, 
rs, banqueting houses and fountains, stews for all kinds of fishes, a 
/o for snow to keep wine- in, delicate bathing places and the like ; 
music made with mills, and all in the midst of the stream where it is 
rapid. 

nntains were often placed within ancient public buildings as well as 
hem. They were common appendages to temples, and the custom, 
mtioned in our first book, is still retained by the Turks and other 
ics. Henry Blount visited Adrlanople in 1624, and in describing 
losquG, says, there were te?ine conduits with cocks on the north 
and as many on the south for people to wash before divine ser- 
to \vhioh use also on the west side in the churcli-yard, are thirty or 
cocks under a fountain, so sumptuous, as excepting one at Palermo, 
e not seen abettor in Christeridome.” — (A Voyage into the Levant, 
. 1638.) 

ring hot weather, Augustus the Roman emperor slept (observes 
inius) with his chamber doors open, ''and frequently in a portico with 
•a playing around him,” 

!) the middle of the square of the Coliseum is a pretty remarkable 
of antiquity, (says Blainville,) though very little minded by most 
0. Hero stood anciently a beautiful fountain, adorned with the finest 
lee and columns ; and on the top was a bronze statue of Jupiter, 
which issued great plenty of water, as may be seen on the reverse 
e of Titus’ medals. They called it Meta Suda?is : mcia^ because it 
made in the form of a goal ; and sudanSy sweating, because of the 
* running from the several parts of the statue, Tliis fountain was of 
use both to the spectators and the gladiators in the ampihiilicairc to 
h themselves. Pope Alexander VIL caused it to be repaired, but 
Ilia time it has been entirely neglected.*! — (Travels, vol. ii, 535.) 
le theatres of the Romans were fitted up with numerous concealed 
that passed in every direction along the walls, and were connected 
terns of water or to machines for I'aising the latter. Certain parts of 
►ipes wore very minutely perfoi’ated, and were so arranged that by 
ig one or more cocks, the liquid escaped from them and descended 
the audience in the form of dew or extremely fine rain. This effec- 
r cooled the heated air, and must have been exceedingly refreshing 
e immense multitudes, especially in such a climate as Italy. On 
occasions the water was scented with the richest perfumes. Thus 
•ian, in honor of Trajan his father, commanded water impregnated 
saffron and balsam to bo sprinkled on the jDeoplc at the theatres, 
dining rooms of Nero*8 golden house were ceiled in such a manner, 
he attendants could make it rain either flowers or liquid perfumes, 
no feast 100,000 crowns were expended in perfumed waters, Sue- 
s says they were discharged secret pipes , The statues that 

led the interior of the theatres wero made to sweat perfumes on the 


£^ountainsm Theatres and Churches recommended, [Book V 

audience. This was accomplished by making them hollow, drilling hi 
tnom an mtimte number of small holes, and connecting them by secret 
tubes to reservoirs of scented waters. The practice is alluded to by several 
authors, and among others by Lucan in the following passage : 

As when mighty Rome’s spectators meet 
In the full theatre’s capacious seat; 

At once by secret pipes and channels fed 
Rich tinctures gush i’rom every antique head •, 

At once, ten thousand saffron currents flow, 

And rain their odors on the crowd below, 

Sometimos rich people left by their wills suras of money to furnish 
these perfumes and the apparatus for dispersing them. An example is 
given by Maffei in his ‘ History of Ancient Amphitheatres,* (Lond. 1730, 
p. 16S.) A Roman lady bequeathed funds to celebrate a hunting of wild 
beasts in the amphitheatre, and she ordered that salientes should be made. 
This terra MafFoi understood to mean “ those hidden channels or pipes by 
which with wonderful artifice, [as is twice mentioned by Seneca,] they 
caused odoriferous liquid to spring up from the bottom to the top of the 
amphitheatre, which then jetted and spread itself in the air like a very 
fine shower of rain.** 

The custom might be adopted with advantage in modern theatres : it 
would render visits to these crowded places more agreeable and less in- 
jurious to health, Why can’t the managers announce it in their “bills,” 
among other inducements, just'aa their predecessors did eighteen centuries 
since t One of the notices of a public entertainment in Pompeii has been 
found written on the walls of a bath in that city, It is in these words ; 

On occasion of the dedication of the baths, at the expense of Cnseus 
Alleius Nigidius Maius, there will be the chase of wild beasts, athletic 
contests, sprmlding of ^erfumesy and an awning.” — (Pompeii, vol. i, 148.) 

Fountains for cooling the air should constitute part of the ordinary ap- 
pendages to churches y as much as apparatus for heating and lighting them, 
riioy should be considered by us, as they were by the ancients, essential to 
the health as well as comfort of large assemblies of people. They certainly 
are as necessary here, especially in the Southern states, as they were in 
southern Europe. Their construction is so simple, their modifications so 
various, their application so universal, and their effects so beneficial and 
cheap y that it is surprising they have not been introduced. We don't see 
why a person might not be as innocently employed in pumping water 
during worship to supply a fountain or jet d’eau, as in pumping air into the 
pipes of an organ. But it is unnecessary, for where the fluid would not 
rise sufficiently high from public reservoirs or pipes that pass through the 
streets, It might be elevated into a reservoir in the roof the day previous 
to the sabbath. In this use of fountains ancient architects were clearly 
in advance of ours. 

The custom of cooling the air in private apartments is of great antiquity 
in Asia, and is still kept up in the dwellings of princes. See a plata 
•in Generalo Histoire, tome xiii, p, 311, representing a private apartment 
in the seraglio of one of the generals of Aurengzebe. An octagon basin 
with a handsome jet is in the centre of the room, with images of birds 
floating in tho water. On the borders of the basin are trays with refresh- 
ments, and the company reclining around on carpets, much in the same 
manner in which Pliny represents himself and friends feasting around a 
fountain in his garden. 

Henry Blount describing one of the palaces at Cairo in 1624, observes, 
** In the ohiefe dining chamber, according to the capacitie of the roome, is 


ono or moro richly gilt fountains, which through secret pipes sup- 
in tho mid Jlo of the roomo a ckintio poolo, which is so neatly kept, 
^ater so cloaro, as makes apparent tho exquisite mosaik at the bot- 
, ^ Horoin aro jireaorvod fish which have often taken broad out of my 

motirnos the jot is made to fall into basins filled with flowers, tho 
of which is disporsod in tho spray. Boll doscribeB tho hall of audi- 
at Ispahan as a most magnificent room, lined with mirrors of various 
tho floor covered wltli carpets of silk interwoven with branches 
olia^Q of gold and silver, In tlio contro wore two basins in which 
al i>ipG8 Bpoutod water that fell among roses and other flowers and 
iccul a fino oflect* Another fountain at tho entrance threw tho water 
jU that it foil liko a thick vain or dew which concealed tho Schah from 
on tho opposite side. 

0 romarks on tho introduction of portable fountains intopnyaj5e dwol- 

at x^age 361, 
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ittt ancient farmers occasional conveyed water througli pipes into 
) for tho use of their stock, as is now sornotimos done, appears from 
hovo cut, from a basso relievo proHorved in one of tlio museums at 
, 0 . — (D^Agliicourt'a IHstory of tho Fino Arts. Sculp. Plato L) 
has already been rornarkeu, (pp. 163, 170, J tliat tho old Mexicans and 
ivians Imd fountains, from which tho fluid issued through figures of 
08 and creoodiioB. 

licro is reason to beliovo that threo luul four way-cocks wero anciently 
loyod in fountains j they are to bo found in tho old wator-works of 
^ and l^ranco. — (See L*Art du Plomblor in Arts ot Mfllioros, 4to. edit 
10, i>lanoho xiii.) 
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CHAPTER VIII. 


CLEPsYDRiB AND IlyDRAULic ORGANS : Time measured by the sun— Obelisks — Dial io Syracuse— 
Time moasurod in tJie night by slow matches, candles, &c. — Modes of announcing the hours— “Jack of 
the clock”— Cloj)sydra3— Their curious origin in Egypt — ^Thoir variety— Used by the Siamese, Iliadoos, 
Chinese, tfec, — Anclojit hour- glasses — Indexes to wator-clocks — Sand clocks in Chinn— Musical clock of 
Plato— Clock carried in triumph by Pompoy- — Clepsydra of Ctesibius— Clock presented to Charles V.— 
Modorn Clopsj'droc — Iloor-glnsses in coffins — Dial of the Peruvians. Hydraulic Organs: Imperfectly 
(loscribed by Jloron and Vitruvius — Plato, Archlmodes^ Plutarch, Pliny, Suetouius, St. Jerome— Organs 
sent IVoni Constuntinoplo to Pepin — Water organs of Louis Dobonnaire— A woman expired in ecstacies 
while hoarlng oiio play — Organs made by monks — Old llegaU . 

Clepsydr.® and water organs are not strictly included in the general 
design of this volume ; but as they are ancient devices in which water 
performed an important part, and as they undoubtedly contributed to the 
improvement of hydraulic machinery, and moreover gave rise to clocks 
and watches, we were unwilling to omit them. 

Sun-dials were the earliest means employed to note the lapse of time. 
Country people in all ages have marked the passing hours by the shadow 
of a u-eo, a post, the corner of a house, or any other permanent object j 
tho.so were natural gnomons, while the ground upon which their shadows 
were thrown served as dials. In cities, artificial objects were necessary; 
lionco tho obelisks of the Egyptians and other ancient people. These gno- 
mons were placed in open and conspicuous places for public convenience, 
and many of them from their great elevation threw their shadows to a 
considerable distance. Sometimes their pedestals formed magnificent 
buildings. When Dion, after delivering the Syracusans, spake to them 
on tho tyranny of Dionysius, Plutarch says, he stood upon a lofty sun-dial 
erected by tho tyrant : “ at first it was considered by the soothsayers a 
good omen that Dion, when he addressed the people, had under his feet 
tlio stately edifice which Dionysius had erected ; but upon reflecting that 
this odifico on which he had been declared general, was a sun-dial, they 
were apprehensive his present power might fall into speedy decline,” 
“ Tho clial of Ahaz” seems to have been a public building of a similar 
description. The governors of provinces in China assemble on the ” time- 
telling towers” on public occasion. (Atlas Chinensis of Montanus, p. 594.) 
The Peruvians had pillars erected for measuring time by the sun. Small 
dials were anciently made of brass or other metals and placed upon columns, 
or were attached to public buildings. "Vitruvius has described several 
in book ix. of his Architecture, and among them one by Berosus the 
Chaldean, 

But dials are only serviceable while the sun shines. During cloudy 
weather and after eun-set they are useless ; other devices are therefore 
required to mark the fiecting hours. Of ancient contrivances for this pur- 
pose there were two whose action depended one upon fire and the other 
on water, viz : by burning slow matches, powder, or candles, and by 
water- clock a. The former were used by the Anglo-Saxons, (see p. 350,) 
and are still common in Japan, and probably other Asiatic countries. 
Nicuhoff, in his account of the Dutch embassy to China, says, the Chinese 




riunonta to show tlio liour of tlio day wliich opevato by fire and 
riioao that: dupend upon firo “ aro made of perfumed aslies/' 
Trans. 1073, |^). 109.) This is too vague to convoy an idea of 
jtruction ; butiroin Tlmnbcrg’a account of those ho saw in Japan, 
CO learn what tlioy wore, h'or the mensuration of lime, observes 
rhtonod traveler, tlio Japanuso uso tho bark of the skimmi (anise 
ly powdered. A box, 12 luchos long, being filled with ashes, 
ro\>s aro made in the ashes from one end of the box to tho other, 
i backwards and forwards to a considorablo number. In these 
8 strewed fiiio jjowdor of skimmi hark, and divisions are made 
mrs. The powder is ignited at ono ond of a groove, it consumes 
vly, and the honrs arc^ proclaimed by striking tho bells of tlio 
(Traveln, iii, 228.) Tiino is also nieusurod in Japan by burn- 
hoK, twisted like ropes and divided by knots. When one of these 
iig lighted luirt ImriUHl down to a knot, and thereby denoted tho 
a certain portion of time, an attendant announces it by a certain 
of fllrokes on hells near their temples, if in tho day time ; but in 
by striking two piece's of wood against each other. — (Ibid. 88.) 
ancumt devices, tho passing liours were aunouncod by men ap- 
iir ibo ]mr[>ose, a eiistom still contimuul over all Asia. Sornotimes 
>no by the voice. Thus the Turks have an ofilcor (with strong 
i the lop of every nioH(|no who, stopping his oars with his fingers, 
s with a loud voice the breidt of day, noon, three in the afternoon, 
iglit. Martial the .Rinnan saUrist, refers to a Hiinilar jiractice, and 
iH inentionH a mercenary hour-teller.” Allusions to tho sarno 
uHi to be found in the Hible — that which yo have spoken in 
shall he proclaimed upon tho house lops.” Rut tho more general 
Lrt that which is still so common in tho East, vi?:. striking a bell, 
)ng, or some other Honoroua instrumunt, and distinguishing tho 
hours, as in onr clocks, by the number of strokes. In modern ngoa 
)e before the striking [larts of town clooks woro invonted, men 
le lionr on a bell, and long after these oilicers woro dispensed with 
if mon were made as ornamonta to perform tho flame duty, To 
lacks of the clock,” Shakofliicuire and other writers of his ago often 
^ucli clocks are mill t^xtanl; : the ono atlacluul to St. [Duiifltan’s 
loar Tem[>le Ikr, I^ondon, is often inoniioued l)y writera of the 
ury, and we helluve is still ti) he Hoon. 

authors ailnbnte the iiiveniion of waicr-doeJes to Ctesihiua, and 
uppoflo they were first used under tho rtolomios ; but both are 
1 : llioy were doubtletm greatly irnjU’ovod by tho Alexandrian 
iitician, and probably reached tho acme of porfoction under tho 
irs of Alexiuider. In India, Egypt, Chaldea and China, clopsydrto 
ik la^youd all records. T'hc'y were known at an oarly period in 
IMutarch menlions tliom in his life of Alcihiadoa, who fionriHhod 
fill century H. C. when they were employed in tho tribunals at 
to mutiHure the lime to wliich the orators woro limited in thoir 
58 to tlio jiitlges. DemoHlheneH and his groat rival ilkchinoa 
n this uso of them. Tlato had water-clookB, and to him was uttri- 
eir inlroductitm into (Jna'ce, Plutarch in his Pliilosophy, oliBorvos, 
i[Kuloclefl illnstruled llm act of respiration by ” a cle[)sidro wator 
LHS.” (Opin. of PhiloH.) .liillnH Cmtir found tlui Pritourt in pos^* 
of them. Pliny (bonk vil, bO.) says, men announced with tho voice 
ra from thci Hlmibiw of the sun, and that Sci[)ii) Nasicti sot up the first 
ra " to divide the hours of both day and night equally, by water 
g and dropping out of one veasid Into another,” 



5*ld M^gyphan^ mamcsCf and iimaoo \Vatcr*Uioclcs. [BookV, 

Tho nnclonta had varioua modlfioatif)ns of wator-olocks, eomo wore ex- 
ceedingly simplo, titid otliors olahoratoly constructed, and tho forms and 
dcjoonitiona wondorfully divorfli/liul ; hut tim principlo was more or less 
the same iu all, viz. water trickling through a minute clmnnol from one 
vossol into another. The nirttniinentH wore made of various materials 
from glass to gold, and (d* slsscs differing, like modorn clocks, from large 
ones porrnanoiitly orocted for publio use to snch as wore carried in the 
hand. 

Valorlanus, who wroio in the KUh century, says tho priests of Egypt 
divided tlie day into twelve, hours, hecaiise tho oynoceplmius, a sacred ani- 
mal, was olmorvod to nmkti a violent lujise at those times, and to void urine 
as oflon. Oieero nunuions a tinulitiun of Trismcgistiie observing the same 
thing. The EgyiJtiarm, therefore, ornainonted their water-docks with 
figures (»f ajjes, atul aorno wewe of the form of those animals urinating; 
lienee it would seem that this singular pooplo not only derived enemas 
from studying llie 1ml fua <jf the ibis, but were led to construct olopsydree 
from noticing thoHo of monkeys, 

Am it ia imposHibln to give anything like a history of those machinoa in 
this volunuv vve hIuiU notie.i^ a few tuily, but Hudleiont to give a general idea 
of their (nniHtructlon and variety. HotnetinnjH an empty buain with a 
mimUe opening tlirongh its bottom \vm pliuuul floating in ii cistern of 
water; the lliiid grmbmll^ entering filled it in an hour, half an liour, or 
some other do ten run ate tune. It was llum tun plied and allowed to swim 
as before; m aeon as it iiuciunts filled, a g<ing or other instrumont was 
Bounded for the Informallon of the public. 

” 'riio fSitimoHO measure their time by a sort of water-clock, not liko the 
clepHydra of old, wherein the water descended from above, but by forcing 
it upwarila flinnigl* Mimill hole in llie bottom of a copper cup placed in 
a tub of water. Wn'n thtj water Imn Honing up ho long llml; tlio cup ia 
full, it winks dtuvn, and ilmt Htund by it, forlbwitlnniiko a noiso with 
basmiH, signifying dint the hour is expired/' (Uvingtor/a Voyage to Surat 
iu lliHi), j». liHl.) 

Tlie gkume. n/, or clepsydra of iho Hindoos, cotmiHU of a tliin brass cup 
having a hole in the hetiorn. A large veswol la filled with water and this 
cup plncotl on llie Hurface ; the water risem through the hole, and when it 
baa rimched a lieigbi: rnnrkod by a lino [irevinuHly adjust od, tho watchman 
Htrikea the hour with a wooden mallet on a pun of hell molal/' — (Sho- 
borrrt I find, v, 157.) 

Tn other devices, time? was mcannrod by emptt/ing tlie vosflol. Valoria- 
mia observeH, tluu the priests eif Acanta, a town beyond the Nile, pourad 
water evtiry tliiy into a vensel, by the drojijnng of which tlirough a small 
hole lliny mensurtnl dm bonra,*-— (ITurria' Lex, 'I'ech.) 

Dr. I^ryor, win) visited India in tho IVdi century, obsorvod tho Hin- 
doos metumring lime ‘Miy dm dropping of water out of a brass basin/* — 
{Tmvela, IR(l) 

It ia obviouM that by luUpting the siym of an opening in ibo bottom of a 
vosael, llm entire contents of tlie latter might he matle to flow out in a 
cortnin time atul with Uileralde inuMiracy ; but in refilling it groat caro 
was rinmlrtHl to Introduce priannely the same (pninlity. To accomplish 
this, b/)ili the vessel and receiver wi'ro closcfl on all Hides and connooted 
together, bo that when the prnp{‘r ipuuitity of fluid wriH once introduced, 
k could neither esenpo by leakage or i^vaporatleri, Ilodi vessels were 
shaped li/cr a 2 War and mUtd ni the jtmdUer enth^ thrfiugh which dm passage 
for the fluid was mad® ; and aometi num sand was used instead ot water. 
Hence the Imur-glass of modorn dayB, the only modification of anewnt 


rto which modorn nations continue to use. NicuhofT observes of 
I* water-clocks, ** they boar a rosomblanoo to some great hour- 
in shape and ho says, in several sand was used instead of water, 
.ncient bas-relief at Romo, representing die marriage of Thetis and 
Morpheus holds an liow^-glass ; and from Athenroua wo learn that 
itnita carriod portable ones about with them somowliat as wo do 

I. 

other variety of clopsydrro, tho sides of tho vossol from wlxlch the 
:uip<Hl W(U’o graduated, somewhat like cliomists’ measuring glasses, 
hours announced aa tho descending surface of tho fluid reached 
ks. If tho voHHol was of a cylindrical or cubical figuro the distance 
ii tho marks was not uniforin, bocauso tho water escaped fastest at 
con»ot]uenco of the greater pressure of tlio column over tho orifleo, 
)rc 98 uro constantly diminished with tho efflux ; tho surface of tho 
mid not thoroforo doacend tlirouglx otjual spaces in equal times, 
mch formed vosseds wore used, tho rolativo uistancos of the marks 
robably (letonniiuHl by oxporhnont, alth{)ngh they might liavo been 
Lilation. Somotiines tho vessels woro fuimal-shapod, the angle of 
do« ijeing so adjusted that an equal distance could bo presorvod 
n tho marks — uiKupiiiI (juantities of tho fluid escaping in ocjual 
Those inatrurrunits woro generally made of glass, and a cork or 
:)at)ng imago, to wliicli a riocullo was secured, pointed out tho liour 
water sunk, riuicirollus says, tho small holoB woro edged with 

imo clepsydrm tho fluid was reccMved into a septirtuo vessid to raise 
ig image that pointed nn an index to the hours. Soinetimus a boy 
rod, Time with his scythe, and Death with a dart, In this variety 
nstruinent, it was dt^sirablo that tho (|uantlty of fluid discharged into 
sol ahould ho miiforru at all times ; and to ofToot this, tho floating 
No. was flomotirnos used. Such wo proaumo was tlio clepsydra 
itos, wliich was made “ in tho form of a small ship floating on the 
and whicli oniptiod itself by moans of a siphon idacod in die middlo 
Dr, Harris, not awaro of tho property of a floating siphon, could 
coivo how the hours woro made otptal by this ooiiLrivanco, which, 
»rvo8, OronUm devised to remedy tho mitriual flow of water IVom 
1 vessel. — (Lex. Tocli.) 

ihofl* noticing tlio inuncrous towns in Cliina, upon tho groator part 
di, lie obsorvoH, woro clopsydrm, says, “ upon tho clock-houso tur- 
mdfl an instrument whicli allows tho hour of llio day by moans of 
whicli running from ono vessel into another raises a hoards upon 
is poriraytul a mark for tho time of day 3 and you aro to obsorvo, 

3 always a person to notico tho tlrno, who every hour signifloa tlio 
0 tho peopio by beating upon a drum, and hanging out a board witb 
ir writ upon It in largo loiters.*' (Dgllhy, Trans. IDG,) Montanua 
oso letters were a foot and a half long.** See also Purcliaa’Pil- 
[ 0 , 499 , 

notluir class of ancient clopaydno, tho water dropped \qjon an ovor- 
heol, wliich turned an index in the contro of a circle, round wliioh 
Lira wore marked ; honeo our clock and watch dials. “ Tlio Chinoao 
thor InsirnmentB to know tho liour of iho day, lieing somewhat liko 
oeks widi whonls, and dioy am made to turn with sand as mill- 
j are with water.** (Nieuliefl’,) At last solid weights wore intro- 
in place of water, and by means of conk gave uiotien to tho index, 
us oponod tho way atlll more for the introduction of modorn clocks, 
v^ould appear from tho doacription of clopsydrac by Vitruvius and. 
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otlior wrltoi'S, tlmt tlio ancionta hatl carritnl thoao macliuios to very groat 
por(ect*u)n ; and as roganln orimniout, tlioy prohaldy oxcoUcul many of 
our mantel lime ptoces. Thtty wore nvcm (umi^iuod with iuuhIc. Thug 
Plato liticl oixG time, during' ilio vvliou tlm iiulox of tlm dial ounid not 

lio soon, atinouncnd the tiiuo hy playing upon llutoa, Athouanis aleu oon- 
slructiul ono that iiitluuUiul tlu) houra l*y Bouiula, producotl by llin com- 
proHsiun and ox[nilHinn of idr I)y witUu’— tho aumo pi'ln(d[)lu ae Pluto’s, 
Petrarcii in onunioniting tiio apoiln of Abui wIiujIi Pompoy oxliibitod at 
Ilia third triumph, hoaidoa enpa, eljoata and bods of gold, a mountain of the 
Bamo metal, with atatuoa of Imrta, lions and other boasta ; troea, and all 
kinds of fruits formtul of jKmrla snsptuulod from goldon branohos, Scq. 
continues, '* b)f ihu stuuo subutauco, tlinro wiia a dovkc, 00 cunningly 
wronglit that the wofjrkrrmnsliyp oxctdlml the flUidu, and which conti- 
mmlly moved and turned about — a right woondorfnll utid atrango siglit,’’ 
Vhisicko against Forlunu/’ imuHlatiKl by 1\ Tvvyno, Loud. 1579 
F. 120.) 

Tim want of unifonnity in tlm goiiig of ancient watijr-clocka was noticod 
hy Huueca, and corM[ninul to tlm didortuKmH oF opinions ontortainod by 

f mihmoplusrs j aiul CJlmrhmV. tiftor shmlding rivers of blood to make men 
mlievo tlm dogmas lui wisluul to impono, anmsotl liiniHolf in his rotiro- 
mont in tlm cunmtructum of watches, and was Hurprisud that ho could npt 
make two go alike. 

No, 272 ropnisents cirai of tlm iniprovo<l clopHydrio of Gtoaihiufi,*^ from 
I'orrauU’rt Translalion uF VitruviuM.^* It proMonlM Htwond inri‘rt‘Hting pur- 
tioulara rolriting to thn statu of iho usolul tiru upvyru’dn t»f l.woiUy cetitiiriiss 
ago, and is Imitiu* calculated to impart iiiiuruuuion to rnccliiiiii(t« rea[)()ct- 
ing tlm ingenuity, and (Jvcuj tlm warkshopa and IooIh, of l.lmir uiiciGiit 
Inrtlinm, fimn rtmitm (tf lutUir-prosH, lloHides carving, turning, found- 
ing, shovvM iIjo practicul appllration of wnior tf) niovo ovoi'- 

shot wluM‘lrt“— the art of iraiminitting motion and of olianging its diruotlon 
by torUheil wluielB--^it exhilnm ilm Htuno principle of meusuring time as 
practised t>y our clock and watcli-rnakors, vivj. hy proportioning the num- 
onr of troth on whcmls to ilumn on rtm jiitiicftiH but woe n whicli tluiy work, 
Tho iip|)liciition of ihu sininm rdso Intorosting, being the Bruno us is used 
to illustnUo llm action of intennilting nprings. ^ Upon thlH insiruinunt tlio 
rinuiwal of iluj diurnal movmututlH of ihe machinery dopomlod t its efloct 
imiiig similar U\ tlmt of winding up an ordinary (dock. 

This (depsydra consisutd of a cylindrund column placed on a squaro 
perleHtnl, within which the mncUunisrn was concoalod, Tlm hours for 
{mill day and night wertj marked upon tlm (jolurnu 5 thoir inocpuility at 
dilTerent aeasons being nmasurtnl by urmtpial diNlancus botwetm tho curved 
lines luifl Ify tlm revolution of the (udvutin round its axis once a year. On 
tho poch^sml are seen the figitroa of two boys, ono of which was irnmovc- 
ftV»K hut tho ether rrme and pointed out (ho diUtiront; houva with his wand. 
Water (supplied from Morne reservoir by a cencoaltul ])ipe) continually 
droppeu from llm iiyes tif ihe figure on the ItdV, and falling into a dish 
was couvnyoil, hy a lmriy:tmtal cluuinel, under tlm feet of tlm otlmr /iguro, 
where it trickled inte> a deep vessed, or largo vortical tuhci, whoso lower 
nnd was c.Uiatul. In thia a flfutr. was nuuh^ to rise and fall with the 
water, and being altaolied to ilu' fiau of tlm figiiro willi tho wand caused 
It to rise aim), and thus to iud irate llm lajnio of tirrio. At tlnj and of 24 


* Tlvra wnn nnnllier nneteut pUibmoplier of the same imme, CtnaUjuis of Cluilcls. 
tn IJfirh/im's Viirnvnii, Vnnice, l&Ci?, Uiare era figures of two otlmrs oquiilly inge- 
nious, biu rutliur uturo camplox. 
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1)0 would l>o filled, and tlio figure near the top of the column, 
that tho siphon camo into play. Its short log, as ropresented 
in iho cut, was connected to tho lower part 
of tlio tube that contained tho float, and its 
bond readied as high as tho upper end of 
tlio tiihcj. When the latter tlioreforo was 
full tho siphon would ho charged, and tho 
contents of tl)o tube discharged hy it into 
ono of tho buckets of tho whcol. The figure 
with tlio wand would tlion descend, Imving 
notliing to support it, Tho wheel having 
six buckets only, performed a revolution in 
six days. To its axis was secured a pinion of 
six tooth that worked into a wheel witli sixty, 
and on the shuft of this wheel a pinion of 
ton teeth drove a wheel of sixty-ono tooth, 
wlnoli last whoel liy its axis turned the 
column round once in IJG5 days. 

As tho accuracy of sncli a clock depended 
upon the size of the orifices in the weeping 
iigure, whonco th(5 water escaped, to pro- 
vent their onhirgenKUit hy tho friction of tho 
liijuid, (HoHiliius liuslied ilitun with jewels. 

About tho your H()7, tlio (/tilijih Haroiin 
sent flonu? viilnahle proHontH to Cluirkunagno, 
and iinioiig thtun a wtUer-clock, which struck 
the lumrH l)y ineiina of twelve little brass 
balls falling on a btdl of tho eamo motak 
There wtiro also twelve ligiiros of soldiers, 
wliich at tlio end of eiic.h hour opened and 
shut {loors according to tho iiumhor of tho 
hour. — (Marllgny’s Hist, Arabians, iii. ^^2.) 

Thore is avoryKiniple clepHydrainlvircher^B 
Mundus vSubterranouH, torn, i, 157. M. Ainou- 
toiifl do vised anotbor. Metn. A cud. Se/uuice, 
A. Th 101)0, p,51, Suo also XMiil.'r runs, vol.xlv, 
p. 171, and Ifhuhfs Siuiia. Decaushas given 
(L tdepsydra in the fifth [date of Ins ForcilfJo 
MovornentH, A water peruliilum *m figured 
in ()/.annrri’H llecreationa, p. 388. 

HHOH worn forrnorly placed in coIIiiih and iiuried with tho corpao, 
syrnliolH of moriahty — the sands of life liaving run out. Seo 
vol. xvi, (MG, ami xvii, SiGX, Larnps found in ancient sopul- 
poHsibly interred witli the satno view— to indicate tho lamp 
,g liocoirtci oxiingnifdim). 

[) meniiorm a dial by which tlie Pemviarm ascertained tho time 
in enterml the Ofpiinox : wiiethor these people or tho Moxloans 
locks wo have not hmni able to ascerlain.' 
cOrgatis do not appear to he of so higli anLif|uity as clopsyclrne, 
figin is equally umuu'tain. l^erhaps they were derived from 
cr- clocks. 

organs were probably nolliing more l.lmn simple comlnnations 
fu'B, and other prlmiiive wind inHl.rumimlH, What the cir- 
waro tlmt; led to the iilea of uni ling a niirnhcir of these, and 
licinwith wind from btdlows instead of tlio mouth can hardly btf 
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conjectured. The first step was probably bag-pipes, and the second the 
addition of keys or valves. In process of time, the instruments, instead 
of being made of reeds or other natural tubes, were formed of metal; and 
their number, variety, and dimensions increased until organs became the 
most powerful and harmonious, and consequently the most esteemed of 
all musical machines. Tlie organs mentioned in the ^ible were probably 
■[)ortable ones, similar to the modern regal. The ancients divided them 
into two classes — -pnemnatic and hydraulic^ or wind and water organs. 
TJio difference consisted merely in the modes of supplying the wind — in 
one it was by means of water, while in the other bellows were worked 
by men. 

Water was employed in varibus ways in ancient hydraulic organs, 

1. By falling through, a pipe, it carried down air into a reservoir, as in 
tho trombe or shower bellows, (No. 198.) Here it not only furnished 
the air but forced it through the pipes. According to Kirchcr, it was then 
discharged on a wheel, and gave motion to drums on whoso peripheries 
were projecting pins, which depressed the keys of the instrument, as in the 
modern barrel organ, 

2. It was discharged upon an overshot wheel, and by cranks and levers 
merely worked common bellows. This may seem strange to some readers, 
but it must bo remembered that these instruments were often of enormous 
dimensions. Even so rude a people os the Anglo-Saxons, had organs 
tliat required seventy strong men^' to work the bellows. 

3. Sometimes Water was only used in an open tank or cistern, into 
which a smaller one constituting the air-chamber was inverted. The air 
was then forced by ordinary or piston bellows into the latter, and dis- 
placing the water caused it to rise in the outer vessel, where its constant 
pressure ui'ged the air through the organ. — See No. 110, and p. 245. 

• 4, The vapor of boiling water or 'steam was also used, and which of 
course supplied the place of botli wind and bellows. The extent to which 
steam was used is unknown. It was probably confined chiefly to the 
temples. 

The details of the mechanism of ancient organs that have come down 
are very imperfect. Their description by Vitruvius and Heron is obscure, 
and in some parts unintelligible ; and they admit that the construction was 
too complex to bo easily comprehended except by those familiar with 
them. 

The earliest distinct notice on record of any thing like a water-organ, 
is the musical clepsydra of Plato. There is no reason to suppose it was 
invented by him, but rather the contrary, for he contemned all mechani- 
cal speculations. He probably met with it in Egypt, and having intro- 
duced it to his countrymen, was (as usual with them) considered its author, 

Tertullian, In a Treatise on the Soul, speaks of an organ invented by 
A.rchimedos, but of its construction little is known. 

From Vitruvius^ account of hydraulic organs, and from the last two 
Problems in Heron^s Spirvtalia, we learn that they were very elaborate 
•machines. Dccaus has amplified some of Heron’s devices for producing 

music by water, • v • 

Plutarch in comparing Cato and Phocion, after observing that their 
severity of manners was equally tempered with humanity, and their valor 
with caution ; that they had the same solicitude for others, and the same 
disregard for themselves; the same abhorrence of every thing base and 
dishonorable, &c. observes, that to mark the difference in their charac- 
ters would require a very delicate expression, like finely diseiiminaicd 
sounds of the organ. This is supposed by Langhorne to have been a 
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2 r-organ. The elder Pliny refers to them in book ix* cap. 8, Speak- 
of dolphins, he observes, they are fond of music, especially ** the sound 
he wcUer instrument^ or such kind of pipes.’* We noticed, page 245, 
presentation of an hydraulic organ on a medal of Valentlnian. The 
ir Triton, mentioned in the chapter on Fountains, that by machinery 
made to rise out of the lake ana sound a trumpet, may be considered 
odification of those instruments, and so may the whistling clock of 
ensBUs mentioned in the last one. 

uetonius, in his Life of Nero, mentions aii hydraulic organ which that 
eror took particular pleasure in. It must have been a magnificent 
r, since even Nero deemed it of sufficient importance to form the 
cipal object vowed by him, when the empire was in danger fropi the 
sllion of Vindex. Inviting some of the chief Romans to a consultation 
mblic affairs, ** he entertained them the rest of the day with an organ 
new kind, and showing them the several parts of the invention, and 
oursing about the nature and difficulty of the instrument, he told them 
esigned to introduce it upon the theatre, if Vindex would permi.t him.” 
this passage Suetonius does not state that the machine was a tvaier- 
in ; but in a subsequent one he observes, — “ Towards the close of 
0*8 life, he publicly vowed that if the empire was secured to him (by 
:coming the rebels) he would bring out at the games, for his obtaining 
victory, a water-organy a chorus of flutes and bag-pipes,’* &:c, 

'he author of a letter, attributed to St. Jerome, speaks of a large organ at 
asalem, the sounds of which could be heard at the distance of a thousand 
28 , or to the Mount of Olives. It consisted of two elephant skins, or 
er perhaps resembled two of those animals. There were twelve large 
ows and fifteen brass pipes. The two animals were said to represent 
Old and New Testaments — the pipes the patriarchs and prophets, and 
bellows the twelve apostles. The particulars of its construction are 
known. 

Organs wore used more or less throughout the dark ages, during which 
aral were brought into Europe from the East. 

a 757, the Greek emperor Constantine .sent two organs to Pepin, king 
[France. Mezeray says, they were the first seen in that country. 
)ther was sent from Constantinople to Charlemagne in 812; but nothing 
nown of their construction, except that the last imitated the sounds of 
ider, the lyre and cymbal, 

n the ninth century, Louis Debonnairo had a water-organ made for his 
Lce at Aix-la-Chapelle, by a Venetian priest named George. Another 
in, in which water is supposed not to have been employed, he erected 
ne of the churches of that city, and its sounds arc said to have been so 
shing, that a woman died in ecatacy under their influence. — (See Pre- 
to L’Art du Facteur D’Orgues \ Arts et Meti^res, folio edit. 1778.) 

Lt page 401, wo mentioned an organ made by Gcrbert, in which steam 
; employed instead of air. 

Ve find, says Fosbroke, organs with pipes of box-wood, of gold, and 
ms of alabaster and glass ; and some played on with warm water. 
8s pipes and bellows are mentioned by William of Malmsbury. ” The 
iks of Italy, of the orders devoted to manual labor, applied themselves 
he fabrication of organs ; and in the tenth century, a maker was sent 
' France, whence they insensibly spread over all the western churches.” 
)f modern hydraulic organs it is unnecessary to enlarge. Several have 
n naticed in the chapter on Fountains. They have become nearly 
inct. See Kircher’s Musurgia Universalis, Fludd’s Simla, Decaus’ 
•cible Movements ; Misson, Blainville, Breval, and Keysler’s Travels. 


550 


Ijead — Its Ancient Uses, [Book V. 

old Regal, a diminutive species of organ, still used in some parts 
of Europe, was sometimes acted on by water ; at least so it would seem 
from remark of Lord Bacon in his Sylva, Speaking of music, he par- 
ticularizes the tone 8^ from the percussion of metals, as in bells — of air, as 
in tho voice while singing, in whistles, organs, and stringed instruments — 
“ and of water, liis in the nightingale pipes o^rcgalls, or organs, and other 
hydraulics, which the ancients had, and Nero did^so much esteeme, but 
are now lost/^ — Cent, ii, 102. 


CHAPTER IX. 


Sheet Lead t Load early known — ^Koman pig lead — Ancient uaea of lead — Leaden and iron coffins— 
Casting sheet lend-— Soldo r—L end an books— Hoofs covered with lead— Invention of rolled lead— Lead 
ihenthing. Leaden PiPEe: Of groat antiquity — Made from sheet lead by tho Romans — Ordinance of 
tiustinian— London pipes in Spain in tho ninth century — Damascus— Leather pipes — Ufodorn iron pipes 
— luvontiou of cast loadoii pipes— Another plan in Franco — Joints united without solder — Invention of 
drawn loadcn pipes — Burr’it morlc of nmlting leaden pipes — Antiquity of window load— Water iitlared 
by pnsaing through leaden pipos — Tiimed pipes. Valves: Thoir antiquity and variety — Nuremberg 
onginoors. Gdckls: Of great varioly and JuatoHals in ancient times — IJorapollo — Cocks attached to tho 
lavor of brass and tho brazen soa — Also to golden and silv.or cisterns in tlie temple at Delphi — Found in 
Japanoso baths — Figure of an onciout bronze cock — Superior in its construction to modern ones— Cock 
IVom a Roman fountain — Numbora found at Pompeii— Silver pipes and cocks in Roman baths— Golden 
and silver plpos and cocks in Peruvian balha — Sliding cocks by tho author. Water-Closets. Of 
auciont dale— Common in tliu blast. Traps for drains, &c, 

A PEW sulDordiimte Inventions, but such as are of some importance in 
practical hydraulics have been reserved for this chapter, viz : sheet lead, 
pipos, valves and cocks, water-closets and traps. 

Lead was jirohably worked before any other metal. Its ores abound 
in most countries, and frequently reach to the surface ; they are easily 
reduced ; the metal fuses at a low temperature ; it is soft and exceedingly 
plastic. Lead is mentioned as common at the time of the Exodus. It 
was among the spoils taken by the Israelites from the Midianites, and 
articlos made of it were ordered to be melted up. The Pheniciana ex- 
ported tin and lead from Britain. Both are enumerated in the graphic 
account of the commerce of Tyre, in the 27th chapter of Ezekiel. The 
Romans worked lead mines in Prance, Spain and Britain ; Pliny says, 
those in tho former countries were deep and the metal procured with 
difficulty; but in Britain it was abundant, and ** runneth ebb in the upper- 
most coat of the ground.’^ Several Roman mining tools and pigs of lead 
Mve been found in England. In 1741, two pigs were dug up in York- 
.shire. Thoir form was similar to that in which the Missouri lead is cast, 
but more than twice the weight. Each weighed 150 lb. and was inscribed 
in raised letters with the name of the reigning emperor, Domitian. — (Phil. 
Trans. Abidd. ix, 420.) 

The uses to which lead was put by the ancients were much the same as 
at preaont. The fishermen of Egypt sunk their nets with it just as ours 
do. A portion of a net with sinkers” attached is preserved in the Berlin 
Museum. Leaden statues are ancient. There was one of Mamurins at 
Rome. They probably preceded .those of bronze, and perhaps formed 
part of the spoil of the Midianites mentioned above. The Romans had 
leaden colfins ; a device adopted more or less in all ages. Double leaden 
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[observes Fosbroko) occur w tbo Anglo-Saxon era, not made of 
atl, 1)1X1 folded in a very curious and handsome manner. For the 
r making coilins and thoir singular forms, consult L*Art du Plom- 
•U ct Mdticrcs, tome xiii, a Neuchatol, 1781,*' 
irt of casting lead into shoots on beds of sand, as now practlacd by 
rs, ia of irnmonso antiquity. Tho terraces of Nebuchadnezzar's 
: gjarclons wero covered with sheets of lead soldered together, to 
noisturo in the soil. Tho composition of ancient solder for lead, 
w^lrom Pliny, was the samo as ours. It is uncertain wliether tho 
uiiting load by “ burning,”^ that is, by fusing two edges together 
t solder) was known. Pliny says, “ two pieces of lead cannot 
'' 1)0 soldorod without tin glass.'* Either therefore tho ancients 
tho art of “ burning'* pieces of load together, or Pliny was not 
)f it. 

ots of lead wore anciently used to write on. Job alludes to them, 
composed of loadon leaves are figured by Montfaucon. To such 
wo presume, Pliny rofora, when he speaks of lead ** driven with 
imor into thin plates and loaves.** — (Nat, Hist.-xxxiv, 17.) 
emplbymont of shoot load as a covering for roofs ascends to tho 
ages in tlio East. It is still extensively used there. Tavernier, 
king of tho mosques at Aleppo, says thoir domes wore covered 
ad, aind so was tlio roof of tho great hall of the Divan at Cons tan ti- 
IIo mentions an inn or caravansary, tlie roof pf which was covered 

0 Harno motal, Henry Blount, wlio traveled iu Egypt and Turkey 
, found the roofs of the mosques and seraglios at Adrianoplu covered 
ad. Count Caylus mentions anc/ient bIujoL lead half a lino thick 
i’om tho imier (lomo of the Pantheon. Gregory of Tours describes 
Uunplo of tho Gauls, wliioli wan extant in the time of tho Emperor 
,n, and liad a loadon roof. (MoiUfauc, Supp,) Paulihus built a 
at Oatarick, Eng. wbicli was burnt by iko Pagans j he built another 
d, which was tho mother church of Jiritish Christianity, and ei> 
tho whole building with a covering of lead.** The churches and 
of Europe in the rnuldlo ages wore almost uniformly covered with 
tial. In a statute passoJ iu the fourth year of Edward 1. of Eng- 
A. I). 127C,) to ascertain tho value of real estate, commissioners 
[jjKjintod to visit ’* castles, and alstx other buildings compassed about 
ilchog [to datormi)ioJ what tho walls, })inlding3, limber, stone, Icad^ 
lor manner of covering is worth.** — (Statutes at large,) ^ 

len seals on woolen cloth wero used in Henry IV’.'s reign, 
nucovtain whether the ancients wore acipuiintod with tlio process 
ling load into slioets by passing it between rollers. If they were, 

, like many otliers, ])ocamo lost, and was not revived till tlie 17th 
f, A close examination of s[)ocimens of ancient sheet lead might 
lino tho question. 

ing or “ milling” of lead was invented by Mr. Tims. Hale, in 1G70, 
which time tho fifst mill was erected at Deptford. Tho inventor 
ith violent oppoHition from shipwrights, because tho load, from its 

1 surface, uniformity of thicknoHa, and low price, began to bo gene- 
loptexl for slieathing vessels, in place of tlie old wooden and leather 
lug. And as it was used also for gutters and roofs of liouses, tho 

■..I. — .. — T”' — - ' ~ ' ■ 

5 ia twenty years Iron coffins worn inlrodiicod in nnd secured by 

lint they wore not thou hy any moans a now ll>ing under tho sun : for tho I ar- 
India for ages bnriod thoir doiid in thoui. “ Ooh idolatres adoront la leii commo 
nnh(*t considcraiil 1« hols commo hu viando ; d’oh il yimit Ou’ijH no uiyttont poa 
oris dans Igs corcuoila do boia, nmiD dc/cr.” — (0. Anliquairo, iii. 840.) 
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plumbors were as mclustrious as tho shipwrights to decry the load;” but 
finding thoir opposition in d groat rnoaauro fruitloss, ‘‘ somo of thern now 
began to cry it up, and have sot up onginos to mill it themsolvos.”— 
(Collier’s Diet. Art England.) 

A paper in tho Phil. Transactions, 1G74, orronoously attributes the in- 
vention to Sir Pliilip riowanl mul Major Watson. Thos(3 gentlemen wore 
associated with Halo in tho patent, and morely contributed their in- 
fluence to introduGO the new manufacture, ospocially to slioatho tho pub- 
lic ships. (Ahrid, i, 500.) Tho largo ship built by Arcliimodos was 
sheathed witli load. 

Pipjia for tlio convoyauco of water luivo been made of earthenware, 
stone, wood and louther, hut more generally of load and copper. Leaden 
pipes extend back to tlio dawn of history. They were more oi* loss com- 
mon in all tho celebrated nations of old. In tbo old cities of Asia, Egypt, 
Grooco, Syria, &c. lliey wore oniployod to convey water wherever the 
prosaure was too groat to bo sustainod bv those of oar tbon ware. Tho 
same practice is still followed ; tims in Aleppo, hetli leaden pipes, and 
thoBO of stoneware are used, and in all probability just as they wore when 
this city was known to llie Greoka as Ijorooa, and to tlio Jews in David's 
time as Zohnh. Archimedes uned pines of loud, to distribute water 
by onginos in the largo ship built for Hioro ; and (he sumo kind wore 
doubtless employed in convoying water to the different term cos of the 
fiimouB gardens of Bai)ylon. The groat elevation to wliich tho fluid was 
raised would render oartluniwart^ or wooden pines eutiroly inapplicable. 

Wo have no information respecting the luouo of making leaden pipes 
previous to tho llonmii era; but us iliat poojdo adopted tho arts and cus- 
toms of older mitioufi, wo umy i>u aasurcul that thoir tubos, as well as their 
pumps and otlior onginnfl, wore mere copies of those rnmlo by the plumbers 
of Babylon and Athons, hlgyi>t and Tyre. All ancient pi[>tis yet dis- 
covorod are said to have Ixam uiadts from sbeet lend ; vi?: : strips of aufli- 
ciont width folded into tubus and tlm odges united by solder. Wo lonrn 
from VitruviuB that Uoinan plumbers gene rally made them in ton foot 
lengths, tho thick nnss of the metal l>eing proportiomul to thoir boro, accord- 
ing to a rule which lio gives in book viii^ cup. 7. of his Architecture. 
Largo quantilios of Jlornan lead on pipes have boon found in dilforont parts 
of Europe, varying in thoir boro from ono to twelve inclios. Somo of 
them are very irregularly formed, thoir section being rather ogg-sliapod 
than cirendar. Montfaucon has engraved several specimens. On largo ones 
belonging to the public, tho mu no of tlio coiihuI under whom they wore 
laid was cast upon them. Otliors that supplied tlio batlis of woalthy indi- 
viduals havo the owners* narnoB; and sornetimos the maker’s name was 
oast on them. Of small luadeu pipes, Erontimis tnentlons Id, 594- of ono 
inch bore that drew water from one of the ucpieducU. 'Pompoii was but 
a small provincial town, of which not more than one- third has boon ox- 
ploroil, and yet a grcuit many tenm of pipes liave been found. Tho con- 
flumption of lead for pipc?fl rnuBt havo bcmii enormous in old Romo, not 
only from thoir groat number, but on account of the large dimensions of 
the principal ones. Pliny migltt wed I ohaorvo, ** Load is much used with 
U 9 for sheets to make conduit pipt^s.”“(xxxiv, cap. 17.) 

An ordinance of Justinian reHpjXit.ing a bagnio erected at Constantinople 
hy one of the dignitaries of tho empire is extant : Our imperial will and 
plonsiiro is, that tho leaden pipes <u) ml u cling tho water to tho Achillean 
nugnio, contrived hy your wisdom, and purcluiflcd hy your Tniinificonco, 
bo under tho same regulations and rniinttgemo/it as have boon appointed 
’n tlio like cases ; ami that tlio said iupea shall only supply such bagnios 
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B you shall tliink fit,” &c. ^ Const, aiuinoplo lias for ages 
itli water through leaden ihpos. The Sou-tovazi or water 
) contrivancoa to facilitate the ascent and descent of the 
) 08 . 

luivo boon uintitorruptedly employed in some or other of 
since tho fall of the ornpiro. In tlio middle of tho ninth 
as convoyed hy them to sui^ply Gorclorva, in Spain, nndor 
ilrahmau IL who also caused that city to be paved. Tins 
oinont on record in modern cities. lianjamin of Tudcla, 
nasens in tha l^tli century, says, tho river l^liarjpar (see 
,) slideth by u.nd watoreth tho gardens 5 ** but Ahana is 
I ontorctli the citic, yea, by helpo of art in conduits [pipes] 
vate liousca.” — (Purchas* Pilgrim.) 

diabitants of tbo island Arados ingomously obtained fresh 
)oUomL of tho sea. Tlioy sunk down over tho spring a 
!, to tho upper part: of whicli was attaclicd a pipe of Joatuer 

10 fiuid to tho Hurfaco. — (Pliny, v, 31.) 

[lornau oartlHuiwaro pipes were made to screw into each 
]<m pipos laid, A. I). i23G, to supply London, are men- 
294. Most inodera ])ipeB of largo horo aro now made 
'ho largest si'zes now laying to supply this city, are nine 
iroo feet intoriial diameter, and weigh from 3500 to 3800 

rovomont on the luiclent inndo of making leaden pipes was 
laud in 1530. Ft eouHisft^d in aiatmg them complete in 
molds jdacod in a p(*rpeiulicular posiuon, After a nurnbor 
were united to each other in a separate mold, by pouring 
ho ends until they run logether. Tho dovico for “ burnr 
tlie ends wuh exceedingly ingenious, and such pipos are 
mo extent iu !Muro))o, In tho 30th year of Henry VIII. 

' in luH Chronicles of the Kings of England,) tho manner 
i of lead for convoyanc£! of water under ground without 
was first iuvemted ])y Koberl; Procko, clerk, one of the 
i, a profitahlo invonUon j for hy this, two mon and a hoy 
one day, tlnui could have Ijoen done hoforo hy many men 
Robert Cooi>er, giddsmitb, was tlio first that made the 
put this inviiiilion in practice.” — (Edit, of 1GG5, p. 317.) 
ftorwarda, Kalnli Ilago and Poter Bawdo made tlio first 
ran in Englaucl. — -(Ilnd.) 

of Henry I V*. of Prance, a native of Rt. Germain, dovlseu 
feasting pipes and burning llmm togetlier. The mold was 
)mal poHiiion, and llm nmlal jmnrcul in at one end. Wlion 
, it was not drawn tintirely out of tho mold, but ono or two 
1 ; near tho spoilt where tlu^ metal ontored, so that wlien 
was caKt, tins liot inelal running ovor tho end of the pre- 

11 it, and belli liecame as ono, Tlio tuho was then drawn 
another one east and united to it in liko inauner, and so 
nirod hmgth was atlainod. — (Seo Planclio, vli. L*Art du 
•ts ct Mdtierc^s.) 

lipoH formmi of Hheet; haul have their seams united by 
. strip of pasteboard is packed against the inside of the 
,ubo (if RrruiU) filhul with sand ; the edges are then melted 
g iron, and the dtTunency made up with a bar of lead, in 
ts wlicii a bar ofsoldiir is usiid, Hie old mode of burning 
IS by pouring' hot lead upon iliem, and generally a projec* 
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tion of motal was left ulon^ tlio^ fioani, Tho ttiiolont pipes figured by 
Monlfaucoii have a similar prnjecJtion, 

Tho plaa of drawing hwltni pipes tlj rough <llos liko hollow wiro wag 
first proposed by M. Dalosmo, in llio TnuiHar.lioiiH of tho Froiich Aoadomy 
of Scioncoa, in IVOt"). It wuh auliHiapumrly broiiglit forward by M. .Fayollo 
in 1728; but it was not till 1700 that sacli pipes worti made. In tiiat year, 
Mr. Wilkinson, tho oohdiraiiul Kiigliah iron nniHUn\ look ont a jnitont for 
drawing tliom, sinco which period llioy liavo booonio general in England, 
Franco, and tho IT. States. — (Soo Reper. of Arts, l«t series, vol. xvi.) 

In 1820, a singular mode of making leaden pipes was patentcnl in Eng- 
land by Mr. T. ilurr. A large and very strong cast iron oylludor, in which 
a motfdlic piston ia made to work, is secured in a vertical poftit.ion, To 
tho undor.side of the piston a strong iron rod is fixed, its lower end boing 
cut into a scrow or formed into a rack for the convenionce of J’orcing tlio 
piston uj), either by means of a stetim engine or any other snitabhj first 
mover. To the upper siile of the piston is secured a polisluul cylindrical 
rod, ratlior longer tlian tho cylinder, ami of tlio mime dnirneter an l)jo boro 
of the pipu. Tho cylinder forms a luolil in which tho piptj ia first cast, 
nnd this rod is the core. The beiuim of the cylinder may be optm ; but 
tho top is strongly closed, with the e.Kception of a circular ami polislied 
opening nt tho centro, ofa’fliyio (uuial to tlio external tlianitUer of the pipe. 
Suppose the pisttm new drawn down to near llm bottom of tlio c.yiindor, 
tho up[)or onu of tho polished rod will stand a little alxivt^ tins circular 
oponing, and an annular spaco will be lidl liotweim tlumi etjual to tho 
roepnred tliiokneas of tho tube, The cylinder is tlien to be filled with 
fused lead through an oponing at tlin top, (which ia to be stopped up by 
a screw-plug or any other device,) tind as saon ub the metal begins to 
assuino tlio solid state, llii^ niston is slowly raised; this necumsarily forces 
tho lead tliroiigli the annular space in the form of a tube, wliicdi ia then 
wound on a v(!(d as fust as formed, 

Varitms cylinders are employed according to the tlKToront sized tubes. 
For half inch pipe, one IH iiic.lu^H long, six orsovtui inchcH inlonml diarno- 
tor, and tho sltlea three or four inches thick W(mld lie retpiired, Platoa 
with oponingfl of difierent RV/.m may Im adapicd to ono cylinder. Tlicy 
may be made to elide in receHses cast in tho top, 

This modo of forming loadmi tubes in the same in principle as that by 
wlucli some of earthenware have boon made : tlio clay being jnit into a 
Btmare and close trunk, is forced by a pifitou throngli un annular spaco, 
adapted to tho thickiuum and bore of tho tubes rmpiirod. At first sight 
tho process appears diflicult. It, also seems strange that solid loud can 
thus lie sijueezed throiigli an aperture into the form of a tube ; but It should 
1)0 remembert'd tliat this metal is extreumdy soft when lie ate d to near the 
fusing point; and that the mode only difterfl from that of making clay 
‘pipes in re t| airing a grmiter foroo. Tubes made in this way are in general 
more solid than other.s, This arises from the large body of rne I al of wliioh 
they are formed being i>i)ured while very hot into tho cylinder, so that 
there is liulo danger of llawa or fissure a. Tlii^se jiipes may also bo made 
in much greater lengths time by any otlinr plan, A maniimctory of lliorn 
has recently been calaldiKhod lu Pin lade] piiiu, — (See Keportory of Arts, 
for 1820, vol. xll, p, 2G7.) 

From tho quantities of pipes used of old, it npptjars singular tliat the 
art; of drawing them was not discovered, especially as the 'JHrc-Plomh or 
glazier’s vise mr drawing ** window lead” is of ancient date — amostlmau- 
tifiil machine, and one far more ingonions ami intert?sting tlian the d raw- 
bo ncli ; one too by which load is worked at a single operation into very 
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i>rms, and such aa require the metal of difToront ihicknesa in the 
•li.a — (See L’Art du Vitrior, pL v, Arts ot Miitiorcs.) 
oijg been known that wiitor convoyed through louden pipes bc- 
>ro^or loss iiiH)reg:mtod with a poisonous solntiou of that metal* 
kVliich the ancionts were fully aware, and which made thorn very 
IH III using it for purposes of domestic economy. Hippocrates 
ii dououuciul its emjdoymont both for cisterns to coiuain, and 
mgh which to conduct water. Ancient architects were of the same 
thus Vitruvius observes, tlmt. water drawn from leaden tubes is 
lio.ioiis, and luhls, “ we should not, therefore, conduct water in 
LHul if WO would have it wholesome.” The Medical Transactions 
n times, and works on mineral poisons abound with examples of 
-jflbcts of drinking water from reservoirs and pipes of this motah 
I uiodoa have boon devised to render leaden pipes innoxious. In 
lilugUtth patent was obtained for coating their interior surfaces 
Tins was effected in the following manner : — Suppose a work- 
Lgod in making tidies of half an inch bore ; ho first pours lead into 
loUl and forniH a pipe two feet long, an inch thick, and nearly an 
10 boro ; us soon as the lead pmu*od in becomes solid, lio.with- 
[> «tool mandril wliicli ibrniod.tho interior of tlio tiiho, ilirows in 
aiu duHt, iihd insortH a half inch mandril, between which and the 
tUo tube a certain space is left:. Into this space ho then pours 
n, which as it collects below, cause.s the rosin to float on its aur- 
t riBOH to the to)), and Inliricatea the liol; Bides of the leaden lubo. 
:iiIh thus liecoine united, and when lh(^ tin becomes aelid the man- 
ctni out ; ami the tube, thuH plated with tin, is ])asHed to the draw- 
ul drawn out lo the required length like an ordinary leaden tube. 
Biune dilliculty lu making the tin unite uniformly to the lead, and 
a iloes not take place the pipea are apt to bo broken in drawing ; 
j two rriotals do not stretcli ecjually, tno thin lining of tin is pulled 
rul if tlie haul does not separate at; the Hamo place, its surface is 
luid the strength of the tune greatly dlmliuBhed at such places. — • 
ry of Arts, 2 d series, vol. v.) ^ 

;0 iinotlier ICnglinli jiatont was issued for a similar plan, the dif* 
louslHling chielly in a mode of hotter securing the union of the tin 
ltmd.~lhid. vol, xxxvlii. 

12, the author of tliis volume took out; a patent for coating leaden 
Lli tin, l)y passing them, after being drawn and otherwise finished, 
a bath of tlie lluitl metal. As there is a dinbronco in the fusing 
tin and lead ofaljout 2()(P FahnsnlKut, tliere is no diff cwlty in the 
Hy lids plan luhes uro enbclually tinned both inside and out, and 
m-reclions or fiHHureH uro soldered up. The opovatlou^ is exceed- 
iple and the expenHo trifling. TMie process is patented in liinghuid, 
10 udicH lire, we lioliovo, more exUmsively used tlmn in this conn- 
oa Journal of the Franklin JnstituU) for November, 1832 , and 
25 .) 

y and Corks are too ensmitial to hydraulic engines to lie omitted 
vork. The princijjle of the valve has always boon in use for a 
»r purposes. Dnora uro valves, and were ho named by the ancients, 
f Uio private ajiarlrnentfl of .funo were contrived liy Vulcan to close 
■lolvcs. Thus Homer sings : 

Cl of lh« nparlinrati of a villa ni Pompeii, ihoro wan a largo glazed bow-win 
w giawM wtiM tiiirk, tiiigod with groan, and " set in a modern coflomoiU. 

uvya, Aniiq. pp. fiT, ) 
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Touched with the secret key, the doors unfold ; 

Self-closed beliind her slmt the vulves of gold.^ Iliad, xiv. 

It Is probable that all valves were originally in the form of doors ; that 
IS, mere flaps or clacks moving on a hinge, and either laying horizontally 
like a trap-door, inclined like some of our cellar doors, opening vertically 
as an. ordinary door, or suspended by hinges from the upper edge ; and 
sometimes they consisted of two leaves like folding doors. Examples of 
all these are still common. Isis was represented by the ancient Egyptians 
with “ the key of the sluices of the Nile’.’ in her hand ; the instrument by 
which the doors or valves, like the locks in our canals were opened and 
closed. 

The most ancient musical wind instruments known in the Eastern world 
are provided whh valves, as the primitive bag-pipes, and the Chinese 
variation of this instrument, which Toreen describes as consisting of “ a 
homi.spliero to which thirteen or fourteen pipes are applied, and catching 
the air blown into it by valves.” The pastoral flute of Pan, from its 
expressing thirty-two parts, he supposes to have been of a similar con- 
struction. (Osbeck’s voyage, ii, 248.) Valves were of course employed 
in the organs of Jubal, as well as in the bellows belonging to his celebrated 
brother and other antediluvian blacksmiths. The ninth problem of the 
Spiritalia relates to valves. Conical metallic valves were used by Ctesi- 
bins in the construction of clejosydrsa. In most of the old representations 
of pumps, flaps of leather, loaded and stiffened with pieces of wood or 
lead are figured. Agricola has given figures of no other. These clctcka, 
as they are named, are in most cases preferable to the most perfect spheri- 
cal or conical valves of metal : the smallest particle of sand adhering to tliese 
makes them leak ; besides which, they are liable to stick. We have kriown 
them replaced with common clacks, Amontons, in experimenting with 
a forcing pump, found the valves, which were of highly polished metal 
and well fitted, adhere so strongly to their seats, that he had to substitute 
leather clacks for them. 

The spindle valve, or such as have a long shank to prevent their rising 
too high, and guiding them when descending, is said to be of French 
origin. 

Wo have sometimes used a simple valve on the lower box of a pump. 
It consisted of a short pipe of thin and very soft leather secured to the 
upper side of the box. When the sucker was raised, the water rushed 
through this pipe, and when the stroke ceased, it was instantly collapsed 
by tlio pressure of the fluid above it, and then fell down on one side of 
the box. 

Codes are a species of valve, but not self-acting like the latter. In 
pumps and bellows the momentum of the entering fluids opens the valves, 


* Doors opened and closed by secret machinery were formerly mnch in vogue. Heron 
nindo thoao of a temple thus lo act. Vitruvius speaks of doors that closed by themselves, 
(and when opened, rose sufRclently liigli to clear the carpet.) In the old cities of Eu- 
rope, liiQ gates were moved by concealed mechanism to prevent a surprise. Those at 
Augsburg wore famous. A single person only could enter at a time, and he was inclosed 
between two gales till the object of his visit was ascertained. As soon as he approached 
iho first one, it opened of itself, he entered, “ and it closed upon his heels.*' On reach- 
ing the second it acted in like manner. During these operations, the visitor saw no 
person, although he was exposed lo the scrutiny of ofiicers within. The magistrates of 
Nuremhnrg, desiring to have a gate of the same kind for the security of their city, sent 
sotnes engineers to take a model ; but after several examinations, they returned home 
and reported tiiat without pulling down the walls, and all the masonry, it was not in 
tlie power of Bechchuh liinaself to find out how it was contrived, or to make one like it 
hi a UioiTsand years.” — (Blaiuville’s Travels, i, 250.) 
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monzc Uocks oj great Antiquity, 

wn weight serves to close them ; but in ordinary cocks the 
3 turned by some external force. Cocks of wood, brass' and 
and made on the principle of those now in use ai*e extremely 
ire is reason to believe that ancient modifications both of valve 
iks were quite as numerous as modern ones. It is certain 
ks, Romans (and most probably the Babylonians and Egyp- 
I far richer specimens of these instruments, both as regards 
md workmanship tlian any thing of the kind in modern days, 
dlo, or Horapollo, an Egyptian of the fourth century, wrote 
icerning the liieroglypliics ol the Egyptians,” and he informs 
iests gave the form of a lion to tlie mouths and stoj?s [cocks] 
d fountains,” because the inundation of the Nile, occurred 
was in Leo, — (Encyc. Anti, i, 185, note.) 
ts of those enormous metallic vases mentioned in both sacred 
istory, were undoubtedly discharged through cocks, although 
always indicated : as the laver of brass made by Bezaleel 
irrors of tlio Israelitish women ; the brazen sea also, which 
a Tyrian brass-founder for Solomon, This unrivaled vase 
g to Josephus, of an hemispherical form. It was sixteen 
:er and between eight and nine in depth ; “ an hand-breadth” 
ind contained about 15,000 gallons. The brim was wrought 
of a cup, with flowers of lilies ; “ and under the brim of it 
there woro'knops cast in two rows when it was cast.” It 
d on a pedestal which rested on twelve brazen statues of 
^rhose mouth the liquid is supposed to have been drawn. 
1 vessel was removed from olf the statues by Aliaz — “ he 

0 sea from off the brazen oxen that were under it, and put it 
lent of stones.” It was subsequently carried to Babylon by 
zar. 

a pillaged the temple of Delphi, he found a vase of silver so 
vy that no ordinary carriage could support it. He therefore 
(Plutarch in Sylla.) Herodotus, i, 61, in enumerating the 
us to the same temple, mentions a cistern of gold, and one 
nmenso dimensions, (perhaps the same taken by Sylla,) also 
md basins — that tlffeso had cocks is certain, for he observes 
of a boy was attached to one of them, and the water was 
rough one of Ids Stands, This shows how variegated were the 
ifices of ancient cocks. The Japanese indulge a similar taste, 
ibtless inherited it from their remote progenitors. Some 
:o idols are made to serve as fowitainSt and the water issues 
ers of some, while others hold a vase from which it flows, as 
and Roman designs of Oceanus and Neptune. The Dutch 
ig tho Japanese found the baths of these people supplied 
d warm water by means of pipes ** and copper cocks.” — 
apan, translated by Ogilby, pp» 94, S79, 449, and Tlmnberg’s 
02 -.) 

)rass cocks woro as common in old Rome and probably other 
as they are in any modern one. Tho immense number of 
iveyod water to tho liouses, baths, fountains, &c. must have 
number of founders constantly at work in making and re- 
Wo loam from Vitruvius that every main pipe that passed 
itrcets, had a largo cock, by which the water was let in or 

1 that those cocks wore turned as similar ones now are, with 
Several specimens of ancient cocks are extant. Among 
largo one discovered in the ruins of a temple built by 


Tiborlus at Oapii and preserved in tlio Muaeiitn at NaploH, is not tho 
least interoetlng. No. 273 ie a (iguro td’ it. Tlio plug hiia l)(‘eoino by 

limo imniovoablo, and liaving lunin abut 
vvbon last used, tl\u water within it is 
Htill conruuul, This ia made (wident, 
wlnni two men roine tho cotik, tho 
apluHhing at)iinJ of the fluid in diHliuctly 

IIbI IfflH IMBI round altaehod to a 

ti‘^ reservoir, l)Ut in vvluit nnuni(*r it wub con" 

I ' ' nocted wo know not — -by solder 1 hc rowel 

— ] particulars that cannot l»o do ter mi nod 

No. TO. Ancio.ubro,«oo<,ok. l«y tl.o alcejtcl.. Hucl WO an opporUu.ity 

ot examining it wo would eiuloiivor to 
ascertain its wel gilt, dlmonaiona, &c. — wh other the suhstanco of tlio plug iind 
cliamhor ar0 tlio saino, and if tlio former is secured in tlio latter hy slightly 
riveting itgjj^or odgo, aa in our Binidl oocka, or by a washer and screw 
as in largef'^ftea. 

Tlio imnlo of forming the linniHe, or that part by wliich the plug is 
turned, in a soparalo piece from tlio latter, Is ducic bully Huiu'i'lor to ilio 
common practice of casting both in one jiieco. It i« a common occurrenco 
to tlirow aside a cock luul ropluce it with a now one, simply bocauso this 
part has boon broken from the plug, and cun only Im romeduul by replacing 
the latter with it. Now this would never occur if cocks were made like 


No, 97il. Ancient bronvto cook. 


this ancient one, for tho part alluded to rniglit be renowed \vi(li the same 
facility as the key of a door or tho Imiullo of a hammer. Tbo nuule of 
aUaching tliis purl; to the plug by sliding it boLWcon two doDvAailed groavm^ 
is ingenious, simplo, and vory (drcctivo. 

Ill a griMit pcHtitm of modern cocks tlie area of the opening through tho 
plug soltloiu oxceeds one !mll’ of tluU through the duunber ; but in tlio 
abovo one, the chamber is sunioiontiy large to allow a uniform pussago- 


way tliroiigiiout. 

The inodern inuim of iIicho Instranioiits i« supiioHod to Inivo arisen from 
llidr having heen made in the form of the male of tho domeslic ibwl; 
honoo weatlior-cock, tlm cock of a gun, &c. 

The luxury of llie Roman « under tlio empire led 1.1 uim to mo ns t reus 
oxccsHCH, panlculiirly with regard to baths j tbo water to supply wliich 
was ofren convoyed tlirougli pi]iea of and of cour.se tlirougli 
coda of the mm-e, Seneca, in a letter to Luciliua, describing iho liumblo 
villa of the great Koinio, doplorea this dcjjfoiierHcy of his countrymem " I 
write) to you [ho says] from the villa of Hcijiio Afneanua, where I at present 
am, and have wor.Mlnp[)ed his manes and lua altars , . . I surveyed tins villa, 
which is built with Hi[uur«i stone ami surrounded witli a wall. I viewed 
the grooves and towers planted and erected on eadi sulo ; a cajnicious 
cistorn and basin for water is below the house and gardens, largo <mi)ugli 
to supply a whole army; next a small bath, and that sometliing dusky. 
It was a aeiisible [ileaHuro to ootn[)are tlio manners of Scipio with ours. 
In this little liulo, this corner, did lluit terror of Clarthage, to wlunn alone 
Rome owed her not hinng taken a second tirnu, wash nml refresh himself, 
ufr(M‘ bihig tired with his country toils ; for lie usinl the country exerciHiis 
and ploughed his ground himself, us llio ancients wore wont to do. Jle- 
neatli tins lunnble roof lie sLootl, and iIiIb plain unurtful floor supportocl 
liim, Wlio new, In our days, would (‘luhiro so mean a hath 'I Every man 
now thinks liimself poor if the walls of bis batli sbino not willi large <irbs 
of procioiia stones — unless tlio Aloxandriuu inmhle bo ombosaetl, crusted 
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and varied with Numidian bordovings — unless they oj’o covered with 
.ic — if tlicr vaulted roof be not of glass — unless the Thusian stone, 

3rly so rare and only to be foiznd in somo particular temple or public 
ing, lino tlio cistern, into which he descends after sweating, without 
or life, if the water pours not on liim from silver conduits. 1 speak 
only of the pipes and batlis of tlio vulgar ; but wliat shall I say when 
10 to those of the freod-mon ? How many statues 1 How many rows 
liars supporting no weight, but placed tliero merely for the sake of 
use and ornament V* &c. &:c. 

No, 274 is another ancient cock 
from the third volume of Montfau- 
con’s Antiquities. It will servo as 
a specimen of the richness and va- 
riety of ornament with which those 
instruments were sometimes deco- 
rated. The figure standing on tho 
head of a dolphin, and which form- 
ed tho handle by which the cock 
was opened and closed, is supposed 
to have roprosented tlio Gernus of 
tho garden, in which tho fountain 
was placod. Another highly orna- 
monted cock, orratlior part of one, 
is also engraved in the same work; 
but as it aj)[)cjars to l.io merely that 
part by wliieh the plug turned, 

It is omitted. Tliore aro several 
bronze jet pi[)cjs for fountains. ex- 
tant, and in great variety of shapes. 

They woro sometimes plated with 
gold,- as appears from traces of it 
loll on some of thorn. 

No. 974. Anolont Romna oook. Much additional information re- 

specting tho use of cocks among tho 
ans has boon obtained from tho runis of Herculaneum and rompeii. 
ral Imvo boon foujid in tho bousos and baths. Somo wore attached to 
j, fountains, and to boilers on largo moveablo tripods, or braziers, and Jt 
to urns or vases, similar to our tea and coHljo unis. Most of tliom 
irnarnonled with lions’ beads, &:o. In one bruzitn*, tho cock is cjuito 
, and rcKombles tlioso wliioli two knowji to plurnljors as stojp-coclcs. 

)mo of tho braziers, tlu! grate burs are that tho water might 

late througli them, and the cooks are inacnled just above tho bottom 
10 boilers, that a littlo water might always bo retained to prevent tlio 
roin destroying them. 

tho bathe of Qlmdim the water ran through of silver. Al; La- 
urn, in tho ruins of a villa of A 7 Unninus PiuSf a smvMU cock was found 
h sorvocl for a fountain. It weighed thirty-five Roman pounds, and 
inscribed ‘‘ Faustineo Nostran” — (Encyc. Autiq. vol. i, 4/50.) 1 was 

'■n, says Brkvai,, in his “ R(unarks on Europe,” several curious frag- 
;s that bad boon dug out of tho gardtms of Mincenas. Among theso, 

1 sorno bugo leaden pi[)es that convoyed tho water from the Olaiidian 
ducts into a suhtornincious hathing-roorn. The rnagnificencG of tho 
i must Inivo beeu suitable, 210 doulif, to the irrmiouHO wealth and deli- 
of a Roman of bia rank ; t^spocially, if what I was assured was the 
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fact, that some lesser. tubes discovered among the same rubbish were of 
solid silver. 

Nothing, says Blainvillo, could equal in richness the apartments of Ca- 
racalla's baths. Columns, statues, rarest marbles and jaspers, and pictures 
of an immense value’ were lavished on every one of them. The very pipes, 
both large and small, which conveyed water into the bathing apartments, 
were all of the finest silver. This particular is recorded by several [ancient] 
authors, and among others by Statius. 

Otho, in a feast given to Nero, almost deluged his guests with a most 
precious liquid perfume, which, “ by opening certain • codes gushed out 
of silver and golden tubes that were placed in different parts of the room. 

As water was conveyed by pipes into the houses and temples of ancient 
Mexican and Peruvian cities, it might thence be concluded, in the absence 
of direct testimony, that cocksy at least wooden spigots, were in use also ; 
but there is evidence of the fact. We are informed, that in a palace of 
Atabalipa, there was a bath or “ golden cisterne, whereto were by two 
pipes from contrary passages, brought both cold water and hot, to use 
them mingled or asunder at pleasure.” (Purchas’ Pilgrim, 1073.) Now 
that these pipes were furnished with cocks, is expressly asserted by Gar- 
cilasso, in a passage we have already quoted. (See page 170.) Cisterns 
and pipes, both of silver and gold were used in the temple at Cusco. 

' Golden pipes” are mentioned by the prophet Zechariah, iv, 2 and 12. 

We gave a figure of a siphon cock at Nos. 265-6, and shall hero describe 
a sliding one, contrived and used by us several years ago. A, No. 275 re- 
presents a short brass or copper tube, with a stuffing-box fitted to its upper 
end : the lower end is soldered to a pipe proceeding from a reservoir, 
or from a main in the street. B a smooth and' smaller tube, having its 
lower end closed, works through the stuffing-box : to its upper end, 
which is also closed, a knob or handle is fixed, and just below, there is a 
spout for discharging the water. At the middle of B, a number of holes 
are drilled through its sides, or they may be in the form of slits. Now 
while these openings are kept above the stuffing-box (as shown in the 
cut) no water can be discharged ; hut as soon as B is pushed down, so as 
to bring them below the stuffing-box, the fluid rushes through them and 
escapes at the spout. To stop the discharge B is then raised, as in the 
figure. There should be one or two small projecting pieces near the lower 
end of B to prevent its being pulled'entirely out of A, The pressure of 
the water tends to keep B from sliding down, when' the instrument is not 
in use, even if the friction of the stuffing-box were not sufficient. The 
external edges of the slits should be smooth to prevent them from catch- 
ing hold of the packing while passing through it. Of this, there is however 
but little danger in small cocks, and in those of larger size, that part of B 
through which they are made might be slightly contracted. 

No. 276 represents one of these cocks attached to a cistern, with the 
openings within the stufling-box, and consequently the fluid escaping. 
The length of the slits should always be less than the depth of the packing. 

No. 277 exhibits a stop-cock, or one whose ends are straight and alike, 
(such as plumbers solder in the middle of pipes.) A straight tube C D 
is closed by a partition or disk in the middle of its length : as the water 
which flows from the reservoir always remains in the end C, the object is 
to open a communication for it to pass into D. To accomplish this, slits 
or other shaped openings are made througli the pme on both sides of the 
disk, and a shorter but wider tube E, with a stumng-box at each end is 
fitted to slide over C D. Thus, to allow water to pass into D, all that is 
required is to move E (by the two projecting handles) till both series of 
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penings are inclosed by it ; while to stop the flow through D, E must 
0 moved back towards C as in the figure. The upper figure in the cut 
3 another form of the same thing. The sliding tube H is the smallest, 
nd has one end closed like Nos. 275 and 276, while F and G are sepa- 
ate pieces. Its action will be sufficiently obvious from the preceding 
emarks, 



Large cocks on this principle may be made for half the cost of ordinary 
mcs, while the expense of keeping them in order is too trifling to be 
loticed — occasionally to renew the packing is all that could be required. 

Waier-Glosets have been greatly improved by modern artists, but they 
ire an ancient and probably Asiatic device. The summer chamber of 
Eglon, king of Moab, (Judges, iii* 20-25) is supposed to have been one. 
rhey were introduced into Home during the republic, and are noticed by 
jevei’al ancient writers. Those constructed in the palace of the CeBsars 
ivere adorned with marbles, arabesque and mosaics. At the back of one 
jtill extant, there is a cistern, the water of which is distributed by cocks 
10 different seats. The pipe and basin of another has been discovered 
aear the theatre at'.Pompeii, where it still remains. Hello gahalus con- 
sealed himself in ono, and whence he was dragged by his soldiers and 
flain. 

Water-closets seem to have been always used in the East, and for rea- 
sons which Tavernier and other oriental travelers have assigned. Numbers 
are erected near tbe mosques and temples. A similar custom prevailed in 
old Rome, Constantinople, Smyrna, and probably all ancient cities. In 
the city of Fez, “round about the mosques, are 150 common houses of 
ease, each furnished with a cock and marble cistern, which scoureth and 
keepoth all neat and clean, as if these places were intended for some 
sweeter employment.’’ — (Ogilby’s Africa, 1670, p. 88.) In his “ Relation 
of the Seraglio,” Tavernier describes a gallery, in which were several 
water-closets. “Every seat [he observes] has a little cock.” He mentions 
others, in which the openings were covered by a plate, which by means 
of a spring “ turned one way or the other at the falling of the least weight 
upon it.” 

Sir John Harrington is said to have introduced water-closets into Eng- 
land in Elizabeth’s reign, and some writers havo erroneously ascribed 
their invention to him. They are described in the great French work on 
Arts and Manufactures, by M, Roubo, who says, they were long used in 
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Prance before being known in England. Those which he has figured are 
however on the ancient plan, without traps, and such are still to be found 
in oriental cities. They are not to bo compared with the modern ones. 
(See L’Art du Menuisier, folio edit. 1770, PI. '69 j Gell’s Pompeiana; A 
Dissertation on Places of Petirement, Lond. 1761 ; Fryer’s Travels in 
India and Persia, Lond. 1698.) 

Devices for preventing the ascent of offensive vapors from sinks, sewers, 
drains, &c. are named traps. Aa these are simple in construction, and 
applicable under all circumstances, and yet are little known, we have 
inserted a sketch of a few of the most common. They are all modifica> 
tiona of the same principle. 



A A represent a floor or covering of a sink or sewer, and the object is 
to discharge refuse water or slops of any kind into the latter without 
allowing currents of air to rise through the passage, No. 278 is a leaden 
pipe bent at one part into the form of a letter S, which part constitutes 
the trap. One extremity enters the sink, and to the other, which is turned 
up perpendicularly, tlio basin of a water-closet, or a common funnel is 
attached. The flexures of the tube must be such, that whatever liquid is 
thrown down the basin, a portion will always remain in the bent part 
below so as to seal the passage completely^ as shown in the cut. The basin * 
and trap may be placed in a room at any distance above the sink or sewer, 
provided both are connected by an air-tight tube. 

No. 279 is named a D trap, from its resemblance to that letter. It is 
of the kind generally used in water-closets, for which purpose it is always 
made of lead, and about twelve inches long, five wide, and ten or eleven 
deep. The pipe that enters the sink is soldered to one end and near the 
top- TJie other one to which the basin is attached descends six or seven 
inches through the top at the opposite extremity of the trap. By this 
arrangement water is retained within to a level with the lower edge of the 
pipe that enters the sink, while the perpendicular pipe dips between one 
and two inches below the surface. Hence although impure air in the sink 
can readily ascend into the trap, it cannot enter the tube on which the 
basin is placed j for to do so, it would have to descend through two inches 
of the water to reach the orifice of the tube ; and then to ascend through 
an equal column within the latter before it could rise into the basin. 

No. 2B0. is a form of trap used over the openings of street sewers, for 
which purpose they are commonly constructed of stone or brick and lined 
with cement. The figure is that of a square box open at top. A pl^ is 
inserted through the bottom at one side to connect it with the seWer. This 
pipe stands about half way up the inside of the box, and above it there is 
a bent rectangular partition attached at three of its sides to the box, while 
the fourth side extends into the middle and dips two inches below the 
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he pipe, and consequently that depth in water , thus cutting off 
I communication with the air in the eewor. A loose grate fits 
ss on the edge of the box, and is occasionally removed to take 
t that passes the grate. Small traps of the kind, and made of 
ire sometimes used in the drains of private houses. 

is named a hell trap from its figure, Such are generally of 
ensions, and are mostly used in kitchens, over the channels or 
agh which refuse fluids are discharged into sinks or drains. The 
) pipe projects two or three inches into the trap, consequently a 
P water must always remain within at the same elevation. Over 
bell or inverted cup dips about half an inch into the water, and 
size as to leave sufficient room for the fluid to descend between 
sides of the trap, and also to pass under its edge and rise into 
md so escape into the drain. The cup or bell is connected to a 
Q that drops into a recess cast round the inner edge of the trap, 
gin of traps is, we believe, unknown. The principle is precisely 
IS in the water-lute of old chemists. Glauber used contrivances 
vith Nos. 278 and 281, instead of cocks to close retorts, &c. In- 
haler he sometimes used mercury, when the contents were of a 
nature. 






END OP THE FIPTH BOOK. 
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>MB facts and observations having occurred to us during the progress 
lis work which could not be inserted in their proper places, a few are 
)d by way of appendix. While engaged on *the last chapter, a large 
iction of old books was imported into this city from Europe, in which 
fortunately found a perfect copy of “ Nature and Art,” mentioned 
p. 321, 421. From the title, which is annexed, it will be seen that 
conjectures respecting its author and date of publication were correct, 
le Mysteries of Nature and Art in foure severall parts, The first of 
works : the second of fire- works : the third of drawing, washing, 
ing, painting and engraving : the/ourth of sundry experiments. The ‘ 
\d edition^ with many additions unto every part. By John Bate, 
1 1635” 

t ])age 19, we quoted an example of frugality iaDentatus cooking his 
lie food while he swayed the destinies of Rome. There is a parallel 
in one of the most virtuous of the Greeks, viz. Pkocion, Alexander 
imed him, but could never induce him to accept of gifts, although he 
always poor. At one time the Macedonian warrior sent him out of 
a hundred talents as a mark of his regard ; but when the envoys 
ed with the treasure at Athens, Phocion was inflexible — he would 
ouch it. They then followed him to his house, and were astonished 
md measure to find the wife of this truly great man making bread, and 
ielf drawing toater. 

Worship qfWellSf pp. 33-37. “ The worship of this well of St. Edward 
particularly forbid by Oliver Sutton, bishop of Lincoln, in the time 
I award I. This well worship is strictly forbidden in King Edgar’s 
ns, and K. Cnute’s laws, as Twas in a council at London under 
ibishop Anselm, in the year 1102 \ and some of our best criticks 
rve that what is translated ?at7Z-worship in Colossians, ii, 23, should 
cZZ- worship.” — ^Hearne’a Preface to Robert of Gloucester’s Chronicle.) 
’^dh with Siairsy p. 53. An extraordinary well of this kind was built 
bpe Clement VII. in 1528, — (See Lond. Mechanics’ Mag. voL ii, 208.) 
oumc-ljroclic.y p. 75. In the 33d year of Henry VI. A. D. 1454, an 
lance was established for reducing the expenses of the king’s house- 
, Instead of a larger number, only “ vj children of ye kechyn tourne- 
Kes” were appointed, i. e. to turn the spits. — (Proceedings and Ordi- 
ea of the Privy Council of Epgland, edited by Nichols, vol, vi, 229.) 
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Raising Water pirough a Screw ^ p. 140. Some persons deceived by 
the apparent facility of working a water screw, especially when its jour- 
nals are delicately fitted to their bearings and they turn with little friction, 
imagine that it not only elevates the liquid with a less expense of force 
than any otker machine, but with less than is due to the quantity raised ; 
hence it has often been adopted in projects for the perpetual motion. When 
arranged so as to be turned by an overshot wheels it constitutes' one half of 
the first attempts at a solution of that impossible problem, under the ina- 
pression that it would raise and discharge upon the wheel all the water 
expended in moving it ! The inclined position of a water-screw is sup- 
posed to contribute to this imaginary result, for, say these reasoners, the 
water tlien arrives at the top by naturally flowing along each convolution, 
while the force consumed is little if any more than would be required to 
turn the tube if empty ! — the fluid being thus raised in a different manner 
and with much less force, than when lifted directly and perpendicularly 
by the piston of an atmospheric pump, or driven up by that of a forcing 
on e ! • 

In these projects, the action of the wheel depends of course as much 
upon the screw, as that of the latter does upon the wheel ; in other words, 
each is designed to turn the other : but the very idea, of two machinea 
reciprocally moving each other at the same time is palpably absurd. The 
two forces will either bfe equal or unequal, If they are alike both would 
be in equilibrio, and the machines would remain at rest ; and if at any 
time one force exceeded the other, the same result would necessarily take 
place, for the smaller could not then overcome the greater. If the wheel 
could transmit its entire force to the screw, (undiminished by resistance 
from the air, the friction of its bearings and that of the intermediate me^ 
chanism,) it would still be impossible for the latter to return it,' because to 
do so u greater force than that derived from the wheel would be required ; 
a niachino cannot be moved and at the same time move its mover. 
When moved, its force is less than that by which it is moved; and if it 
becomes the mover, its force must exceed that of the machine to which it 
imparts motion. 

The effect of any machinery composed of levers, cranks, wheels, &c. 
and moved by water, animals, or men, can never exceed the power that 
moves it, for there is nothing in wood, iron and brass, or in any combina- 
tion of them, by which they can create jbree, or, what is the same thing, 
give out more than is imparted to them. As well might we expect to see 
a carriage returning of itself from a long journey, and laden with the horses 
that drew it from home. 

Wilkins has given a chapter in his Mathematical Magic on ** composing 
a perpetual motion by fluid weights.” His prominent plan was raising 
water by a sci^ew, and discharging it on float boards attached to the screw 
itself. He quotes older authors who indulged the same whim. 'Visions 
of greOft mechanical discoveries often hurst upon the ingenious prelate, as 
well as on lay inventors : in such seasons he was in ecstacies. When he 
first thought of obtairilng power by means pf a water-screw, he says, " I 
could scarce forbear with Archimedes to cry out, Eureka ! Eureka ! it 
seeming so infa.llible a way for the effecting of a perpetual motion, that 
nothing could be so much as probably objected against it : but upon trial 
and experience I find it altogether insufficient for any such purpose.” 

In the Grentlemaffs Magazine for 1747, p. 459, there is a description 
and figure of a similar device — either water or balls were to be raised 
through a screw and dropped upon an overshot wheel. It was devised 
by'a Col. Kranach, of Hamburgh, who* in a pamphlet, declared he ha#* 
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ty years in perfecting It. He proposed it as a substitute for wind 
r-mills, and particularly for raising water and ore from mines* 
ne work for 1751, p. 448, tliere is ** a self-moving wheel.’^ And 
“ a self moving macliine the latter by a Polish Jesuit ; it con- 
X wheel, ropes, pulleys, a pump, weights, &c. and of course, like 
3, could no more move of itself than a lamp-post, nor increase 
imparted to it than could a collection of paving stones, 
ifpetual motion could bo obtained by a water-wheel and screw 
then it would follow that a bricklayer’s laborer could convey a 
ortar or a bucket of water to the top of a building with a much 
ndituro of force by traveling along a circular stair- way, than by 
r directly up a ladder, and whether he carried the load on his 
or dragged it after him by a cord. But the fact is, a 100 lb. of 
nnot by any contrivanco whatever be conveyed to the top of a 
with a force less than would be required to pull up the same 
atone or mortar in a bucket : it can no more be wheedled out 
avity by passing it up an inclined plane than a vertical one — 
i helical tube than through a straight one. 

Pumps in p. 154. John Bate, describing a chain-pump in 

^ 3 , a short brass chamber smoothly bored was insortea in the 
d. The pistons wore fitted to this, and the rest of the pipe was 
bo?*e. The chain was of iron and caiTiod round by a sprocket 
Each piston consisted of a disk of 7iom between two of leather, 
ump, he observes, ** goeth very strongly, and thorofore had need 
with wheels and wrought by horses, for so the water is brought 
Dkon Wharfe in London.” Ho names the cli aim pump “an on gin 
you may draw water out of a deep well, or mount any river 
. . . Also It is used in great sldjJS^ which I have seen.” — (Mys- 
Naturo and Art.) 

nheric Sprinlding Fots^ p* 194. Whon Louis, duke of Orleans 
in, brother of Charlps Vll. was murdered, (A. D. 1407,) his 
IS a symbol of her distress and an indication that the rest of her 
d bo spent in tears, adopted the ohantcplmra or garden pot as an 
device; and which, with the raoiiOy plus no m'est riens, she had 
1 upon almost every thing in her house, No, SS2 is a Rguro of 
ament. (Devises Horoiques, par M. C. Paradin, A Lyon, 1567.) 

No. 283 is another old form 


of the atmospheric sprinkler, 
from a Latin Collection of Em- 

r . bloms of the earljr part of the 
I 17 th century. Ihe motto on 
a Hying scroll .was Modo Sjn- 
rltus Adsit Air was admitted 
through a small opening near 
the top, which was closed with 
the point of tlio finger. 

The sixth and seventh pro- 
nw';i' Mfn|[ bloms of Heron’s Spiritalin re^ 

' fDI Ji 5 late to these instruments. The 

, 282. No. 283. two figures there) given are hol- 

low spheres ; a small circle, 
bottom being peiTora.tod, and a minute orifice near a ring or 
the top. In one there is a partition, so that two different 'liquids 
contained within ; and wine, or hot and cold water, discharged 
the other of th.e orifices at the top was uncovered. 
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• Fire-Engines and Bellows Pumps, pp, 241, 321. No. 284 is a bellows 
or frictionless pump, from the first edition of Bate^s Mysteries of Nature 
and Art. It is identical with the fire engine referred to in our third book, 
except being placed within an open frame instead of a cistern fixed upon 
wheels. For its description, see pp, 321-2. (The leathern bag which 
connected the two’ brass V'essels is not figured by the old artist.) 



ISTo, 284. Old friotiouless or bellows pump, A. D. 1633. 


Waier- Wheels, p. 282, There are indications in the Iliad that Vulcan 
used water power, and that it was by the dextrous concealment of it and 
the mechanism by which it was transmitted that enabled him to excite in 
80 high a degree the astonishment of his contemporaries, and to give rise 
to those wonderful stories of his skill that are even yet extant. When 
engaged at the anvil Homer represents him, like a modern smith, with a 
single pair of bellows. Thus Thetis found him “ sweating at his bellows 
huge but in other scenes, he is exhibited rather as manager of extensive 
forges for the reduction of metals ; the fires being urged by a large num- 
ber of bellows moved either by water or some other inorganic force. Like 
a superintendent of modern iron or copper works, ordering the bellows 
to be throw;i into geer, and the blasts increased or diminished as circura- 
BtauGCS require : so Vulcan “ turning to the fires, he bade the bellows 
lieave then 

- Full twenty bellows working all at once, 

Breathed on the furnace, blowing easy and free. 

Of Vulcan^s numerous works none were more celebrated by the ancients 
than the two androids which assisted him at the anvil. They were obvi- 
ously nothing more than ingenious devices for concealing the mechanism 
by which motion was communicated to the sledges they held in their 
liaads : — in other words, mere trip hammers', and worked most likely by a 
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listant water- wKeel. The rods or levers which communicated the motion 
vere probably concealed under the floor, and terminated at the feet of the ‘ 
igures, while Vulcan could easily throw them in and out of geer unper- 
seived. It can readily be imagined what the effect of two well executed 
working images of this kind must have been in early times. 

Eolipiles for Fusing Metals , p. 397. The surprising effects produced in 
nodern days by steam and those more important ones which it is destined 
lereafter to accomplish, will always render examples of its early employ- 
nent in the arts interesting. The use of eolipilos as bellows, like that of 
Ltmospheric sprinklers for watering' pots, has long been discontinued, and 
JOth have almost passed into oblivion. We shall therefore offer no apology 
or inserting the following additional illustrations of the use of the former in 
3ygone times. No. 285 is a steam blow-pipe from the 2d edit, of John 
Bate's work. His description forms an admirable comment on Wilkins's 
observation, (p. 396,) that eolipiles were used in melting glass and metals, 
rhis remark of the bishop has been quoted by several writers, but not 
one has, to our knowledge, endeavored to show how steam was thus 
ipplied, although every mechanic on perusing Wilkins's book would, like 
ourselves, feel anxious for information on the subject 



No. 265. Eollpile for gl&aifl blowing* No. 286* EoUpile for fusing molols. 


The first figure consists of a lamp and a copper ball or eolipilc, placed 
on and heated by a furnace or brazier. The apparatus is named “ a device 
to bend glasse canes, [tubes,] or to make any small work in glasse," "Let 
there be a vessel of copper about the bignesse of a common foot-ball : left 
it have a long pipe at the lop, which must be made so that you may upon 
occasion screw an lesser or bigger vents made for the purpose. > Fill this 
one third part with water, and set it over a furnace of coals, as B ; and 
when the water beginneth to heat, there will come a strong breath out of 
the nose of the vessel that will force the flame of a lamp placed at a con- 
venient distance, as A ; if you hold your glasse in the extension of the 
flame, it will melt suddenly ; so you may work what you will thereof." 
Bate observes, that some persons instead of this apparatus used a pipe 
(the common mouth pipe) fastened on a bench between a crotched stick, 
as figured at C. He himself occasionally employed this, but considered 
it not so convenient as the eolipile. — (Mysteries of Nature and Art, Lond. 
1635.) 

In 1650, Dr. John French published " The Art of Distillation, or a 
Treatise on the Choisost Spagyrical Preparations .... with descriptions 
of the chiefest furnaces and vessels used by ancient and modern chemists."' 
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•• one is precisely the same « 
mnl^A observes, that it “ blows a candle to 

up " No 286 f “firing of glasses and nipping hem 

up. X'Jo. 286 IS another for fusing metals. A large eolipilo is permZ 

wail ^ The^f ^®ing conveyed through I brick 

„ 1 • 'i 1 1 ^® following IS all that he says respecting it : D “ signifies that 
BTifKMl fire for the mating of any metall or such like operation 

and It blows most forcibly with a terrible noise.” The water was intro’ 
duced through an oponing at the top. E is a portable eolipile to be held 
n 1 10 hand, a,nd the bkst applied to fixed objects. It appears from 
rrench, and also from Ercker’s work on Metallurgy, that eolipiles when 
pf •? *^''7 • nnd fusing metals, were formerly known as The 

Philosophical BelUws, a circumstance that renders their disappearance 
from modern wntings still more singular. 

Since the insertion of illustration No. 185, we have met with an Eng- 
lish translat^n of Ercker’s work, by Sip John Pettus, “ of the Society of 
.1,0 Mines Royal,” under Charles II. but who appears to have derived 
littlo wealth from mining speculations, since he rendered Ercker’s book 
into English while confined in prison for debt. The translation is illus- 
patod with hne copperplate engravings, and a dictionary of technical terms 
IS subjoined. Under the word hdlows^ Pettus Tnentions the “ philosophical 
bellows ; the common smith's bellows, and very large ones that were 
worked by water-wheels, and which, he observes, were made “ In imita- ‘ 
tion 01 ,1110 nature of a cow heast, which in drawing in and forcing out her 
breath, M b said a quaint definition of bellows, but one which 

wo bohevo, gives the true etymology of the word. Of the antiquity of 
philosophical bellows'* there can be little -doubt. They were probably 
used by the fancy glass-blowers of Egypt, Greece and Rome, as well as 
by olhor artists in the reduction of metals. The transition from blowing 
oi’dinar^ fires with eolipiles to such operations Was obvious and easy, 
rhcre 18 a passage ih-^the book of Joshua which seems to refer to the early 
use of thorn. In one of the contests of that warrior with the Canaanites, it 
IS said ho chased then> to “ Mizrephoth-maim** — a word signifying '^hur%- 
i?igs of waters f and *^fum€tces %ohere metals are melted,^' A place that 
j)robabIy derived its name from extensive forges that were urged by blasts 
from ooli piles. 

Gharging JGolipiles by Atmospheric ’Pressure^ pp. 395, 407. Dr. French 
observes, You must heat them very hot, then put the noses thereof 
(which must have a very small hole in them, no bigger than a pin's head 
may go in) into a vessel of cold water, and they will presently suck in the 
water.** Itoman eolipiles were charged in the same way, as is clear from 
their description hy Vitruvius, for they had but one opening, through which, 
he says, they wore filled with water, and out of which the blast issued. 

Boliyilic Pirc-Blowc7's and Idols ^ pp. 398—400. In addition to those 
passages of Scripture which we have supposed alluded to eolipiles, a few 
others may be named. The sacred writers, it is well known, often con- 
trast the power and other attributes of God with the impoteUcy of idols : 
to adapt their instructions to idolaters, they represent the Almighty as 
excited with anger, wrath, fury, &o. apparently in reference to such 

E assions being exhibited (as Wf5 know they were) by idols, and particu- 
Lrly colipilic id6ls,- Why should God be represented as blasting or 
consuming men with streams of fire from his mouthy and with smoke from 
his nostrils ? kindling coals hy his breath ? Why is his anger said to s??ioke, 
to ?)Ur9i, to loax hot^ &c. if it be not in reference to such idols as Pus- 
tcricli, or those images described by Carpini] “By the blast of God,'* savs 
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* the wicked perish, and by the breath of his nostrils are they con- 
1,” i. e. as fuel on the hearth is consumed by the blast of an eolipile. 
Psalmist, describing God, says, ** there went up a smoke out of his 
Is, and fire out of his mouth ; coals were kindled by it.” Behold 
Isaiah] the name of the Lord cometh from far burning with hia 
, [or the grievoTishess of flame as the margin has it,] his lips are full 
lignution, and his tongue as a devouring fire ; and his breath as an 
owing stream shall reach to the midst of the neck.” Again, To- 
is ordained of old, yea for the king it is prepared ; he hath made it 
and large : the pile thereof is fire and much wood, the breath of the 
like a stream of brimstone doth kindle it.” 

appears to us that here and in similar passages are allusions to eoli- 
of the human form, tlnd to such images as Pusterich, from whose 
mouths and nostrils issued streams of flame, smoke, steam, See, 
ips it will bo said the expressions are figurative : true they are so ; 
len there is in them an allusion to the ilihigs from which the figures 
arived. When God is said to mdt his people, to rfine, to take away 
VOSS from them, every one perceives the allusions to metallurgical 
.dons, because such operations are known to all ; and equally clear 
d the passages quoted above appear had eolipilio blowers and idols 
lued in use to our times. 'We should then have perceived that such 
jssions as the sword qf his mouthy swords of fire, flaming swords. Sec. 
neither of figurative origin nor application only ; for from the variety 
[ipilic images, there is little doubt that inflammable fluids were made 
ue from different parts of them, and in various shapes — from their 
bs as tongues of fire, and from the hands n.Bfia7mng swords. Sec, We 
^ that ancient priests were exceedingly expert in working prodigies 
[flammable fluids, of which numerous examples might be quoted, 
n Octavius was in Thrace, ho consulted the oracle of Bacchus, and 
[linisters of the temple finding it their interest to gratify him, con- 
1 that when the wine was poured on the altar, a body of flame should 
out and ascend above the roof of the temple; a portent, observes Sue- 
3, “ that had never happened to any but Alexander tbo Great, when 
as sacrificing at the same altar.” They could, of course, as easily have 
I the flame dart from the mouth and eyes of an idol as from the altar, 
dr views had so required it. 

It if it should be contended that the passages quoted, rather gave rise 
ols like Pusterich, i. e. were hints which heathen priests worked 
in order to produce or imitate the same effects, it will not affect the 
snee we wish to draw from them, viz. the antiquity of steam and vapor 
es. In connection with this subject, it may be observed, that the 
as Palladium of Troy was probably an eolipilio idol, in which inflam- 
e fluids were used ; for on certain occasions flashes of fire darted 
its eyes, as from the mouth and forehead of Pusterich. 
biblical critics would pardon our temerity, wo would also suggest 
the Ltarcs or images which Rachel stole from her father's dwelling 
5, like the small Saxon idol, (p. 398,) and those referred to in Isaiah, 
00) eolipilic fire blowers. They have exceedingly perplexed com- 
tators, who after suggesting numerous explanations, generally conclude 
►bserving that tlieir nature and uses are unknown ; but had these 
ers called to mind the ancient employment on the domestic hearth 
'azen eolipiles of the human form, they would have perceived that the 
e of Laban’s images gave an indication of what they wore. In all 
ant languages proper names were invariably expressive of some pro- 
mt feature, attribute, or design of the objects named : so of these 
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imagers— -liioy wara ferapfiimt'' jx word Bignlfying ^^lloiocrs,** from 

t&raphi ** Co blowJ* So alntJ tho oolimlic idol Pu^ierk^i was namod from 
pmkHt to l)low.’^ (Sou p» :109.) Koliniloa, like Uio JLaw, wore located 
00 thci hearth, aud aa they wuru avowoiUy made and uumod after a god, 
flSoluft,) and were dtmigiu'tl to Imilatu huu in producing bhifits of wind) 
(Varro makes the InruM gude of tlio air,) it was natural onougli to adopt 
them as housuliohl Uachul was ovidontly an inlolligcnt and vory 

shrowtl wcnnuni and a« wo havu uo rotison to suppose sho was an idolater 
afuir having lived twenty years in tho sarno Ijouso with Jacob, (if indood 
sho over wan,) it is not at all likely that bIio aovoted tho Images as idolsf 
but only as doim^Htic utouNila of real utility— lUetmils whlob bUo had long 
boon in tho luiliit of tiding, and such as wore highly dosimblo in Batting up 
bouaokuuping for horsolf. 

ICxjHiHMiw Fom of jS7f«7«, p. 409* Tho Stoios, says l^lutarch, attri- 
buted uartlujuakes to atiuouiH vnmjr gunoratod within tlio earth by subtor- 
ramutn boat. (Opin. Philos.) No stronger proof that tlui aucienta wore 
famitiar with the force of sumtn could bo deslnul \ tho idea could never 
have occurred except to men |)ractically actpminttul with tho irruaistiblo 
energy of this fluid when conlnuuU If liy no tulmr means, wo maybe 
sure they had fretpumt. pnuifk t>r this energy in tlio rupture of oolipiloa 
wlien their vents were tdosiui. I'lm hy[)otliosiH of Plato rospoctiug tho 
convorsiun of water intt» air and ytVr, (nn*ntionod below,) sliowa him to 
have been a close oxtteninenler on steaiu atdilleront Uunperatunm» The 
old theory of liniling s[jriiigs being [breod from iho inuu’ior by Hloum, im- 
plies also an aerjuaintanco with dcivicos for raising water by it, 

fdaititij (f a fa and 418-421. Tins erroneous 

opinion doubtlt^Mi^ ilnioa buck tf» ihr^ early tigem, during which It led to the 
iiivenlioJi t«f eolipllea, and to tlnj JinC nioclmnicul appliemtion of aqueous 
vnjujr, vix, loMoto /inut iuHieatl of wind from liollows. It is singular, 
howover, that such an opiniori Hlnmhl liavo boon inainluined at so late a 
period m the chmo of tho 17th ctuitury— that rnodoru as wcdl as an- 
cient pliihjsophera should have taught that water rare Hod by luiat was 
converted into air, ami that air condensed by cold was returned into 
water, Ikaidos the examples already given, wo add a few more. Of tho 
olemenla into which philosophers formerly resolved all things material, 
vix : earth, wafer, air ami Jtrr, Plato suspected tlm last throe woro hut 
inmlilicaticum of mm ; at any rate, Im supposed they were convortiblo into 
each otimr— that water attenimtinl by lieut was dilated into air, (atoam,) 
and timt this Iw a higher tern [le rat uro became an invlNible mid glowing 
fluid or fins (rhaareh, Oolm Philos,) Plutarch himself, in his Troatiso 
cm Cold, observes, *' aim when it doth gnihnr and thicken is convortod into 
water, but when it \h mom subtile it reMolvetli into fire; as also in tho 
like ease, water by rarefaction ia resolviid into aim.** Pliny, in apeaking 
of winds sayn, '* aim is gnthered intt) a waterio Ipinor," .Dio sweating 
of walls, brcattiing on moisture on the outside of a tumlilor of water, 

&c. wore Dcmmdnrml preutfs that cold coudenseul air into water. Lord 
Bacon, ia his Bylv«, JCxperi?. 27 and 70, Hpeaks of ** t)m moans of turning 
aim into water, and Exp, 91, relates to ** tim version of water into airo. * 
Norton, (a contemporary of Hamm,) in his " Rehearsal of Alchemy/* versi- 
fies tho old doctrine tlius 

Tim ftyro candBns'd w turn'd to mino, 

And wAi^r rorcM oomsH syro again. 

WMJrMilk, p, 418. Tlioao were known in England in tlm 13th 
century. At the battle of T^ewea, A. 1), 1264, thoro was many a modre 
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ght to grounde and the kynge of Almayne was taken in a wijnde 
[Hearne’s Glossary to Peter Langtofc^s Chronicle.) 
mcc of Animals exonplified in Raising Water, p. 74. Plutarcli 
nparison of land and water animals, says, oxen were employed 
\yatei' for the king of Persia's gardens at Susa, hy a device of 
iiich they turned about in manner of a windlass.” Each ox was 
;o raise one hundred buckets daily, and as soon as that number 
leted, no efforts of the attendants could induce him to add another, 
were made to deceive the animals but without effect, so accu- 
id they keep the reckoning.” 

ning Chairs, p. 429. Such devices are very ancient. The frst 
^ulcan’s mechanical ingenuity is said to have been a throne or 
old, with secret springs. This he presented to his mother, and 
was Juno seated in it than she felt herself pinioned and un- 
)ve. The gods interfered, and endeavored to release her, but 
feet; and it was not till the artist had sufficiently punished her 
mt of affection towards him that he consented to let her go. 
the tyrant of Lacedemon, had a device for extorting money from 
ly. It wa%a statue of a female clothed in rich apparel.’ When 
sfused to part with liis wealth, the tyrant introduced him to the 
lich by means of springs, seized him in its arms, and put him to 
excruciating torments, by forcing numerous bearded points into 

Pumps, JSoUpiles, Steam-Guns, &c. In ” Mathematical Recrea' 
L collection of sundrio excellent problems, out of ancient and 
hilosophers ; written first in Greek, and Latin, lately compil'd in 
y H. Van Etten, and now in English, Lon. 1674,” is a rotary 
ilar to the one we have figured at p. 285 ; it is named a most 
engine to cast water high and far off to quench fires.” A goose- 
those now used is. also figured — also an atmospheric garden pot 
ups — three-way cocks — ear trumpets, and eolipiles. Of the last, 
’ says, ” some make them like a ball, some like a head painted, 
ng the wind — some put within an eolipile a crooked tube of 
ings to the end that the wind impetuously rolling to and fro 
ay imitate the voice of thunder — some apply near to the hole 
Imills, or such like, which easily turn by reason of the vapors.’* 
lem relates to the “ charging of a cannon without powder.'^ 
done, 1st, by air as in the air-gun ; and 2d, by steam, the latter 
5 generated irom water confined in the breech. . 
dagnus mentions eolipilic war machines, apparently similar to 
jribed by Carpini, (see page 400.) They are distinguished from 
cies of guns ; he calls them ” brazen horses that spit fire : they 
ed upon turning wheels, and carried about.with versatile engines 
iickestbody of the enemy : they prevailed so far to dissolve the 
brees, that there seemed more hopes of victory in them than in 
iers.” — (History of the Goths, book ix, chap. 3, Eng. Trans, 
58.) 


S U P P I. IS M E N T • 


ON 

OEACULAR ANII FIUUTINO EOLIPILES 


Xu (U)nHm|iioncu tif u Kti^gtmtion tluU. a atlditioiml mttor on Eoli^ 
pilio nutomnlta would add nittu’oHt to tli'm vtiliuno, a iiuv nccom" 

pauiod With tuumuy olmorvatiorm aro Hjjbjniiuul. Thn figurofl thomKolvoa 
conMlituto, povimpii, a boiuu' t'KptmitioM than any thing which can now ho 
wHucui on ihu (hi V hum wliudi liioy rojn'OHont.—dovicoH onc-o wioldud with 
torrihio ofioctH by bi>ih atu'.ni tlotul and ndlitnry onginoorH. 

lake oxiinot natural naumiiu-a, onuMilar and warring Eolipilos havo 
diaanpoariul from ilm niirlh and hdl Hcarocdy any authontio voatigoH bo- 
Innib Thoy bnlongml lo rcirlniu Hlnltm or (amdiUoim of Hooioi.y wliich 
tlioy could not Hurvivo. Iridigonoim to agon (jf darktm«H, timy IhjtiriHhad 
only in thn almuium of light, Horoding, m rlviliyiatiou ndvancod, it may 
bo Baid of thorn, m of apuftroH, thoy ibuior at dawn and vauiHh uh hoou 
an tbo «un (of aciumm) hrm rinon. liut tlioy uro m>i; iljo Ionm intoroHiiiig 
«ubjoot« of roMcmrob Inicriuau of thn ovila tlmy irinictcd on our Hpocitm, 
atiy more than am goological rnmaina of maninmth boingn which nmyod 
on infnrior IrihoH. Authjim Kedipihm nro in Homo roHpfuUH ilio riclumt of 
arlificia], im DhhII ]>ouom aro of nnttind, mlicH. Hoth ani iinii|uo momo- 
rialri of pant tiimm-^-vivid romotnbnuicoi’H of Himngo boingH and dark 
dt-Huifi, Tim formin' unttrd priadM of HinpoiulouH anitnalrt visigning aft ino- 
natclitt nvor tlu* woodft and wultuH of ilui old world; and iho Iriltor ro 
mind uh cd' moral imumtora, pmying with aurpriwing facility upon all 
ulaftHOH of mom 

Piclorittl mpmimntalitmft of irlohannm mid lighting oolipiloH aro ox- 
ooodingly ram; and ihoMn, fow oa wo find ilunn, if not irauHituTod to mo- 
(lorn pagem will soon bo irrocovnnddy lont, which hdlow, thougli 

doplorably imnorfnet and obHimro, will Ito ucctnunblo to moat roadorfl, if 
not to alb 1‘ixiufudoH of tint oinploymonu of cdnatic and inlhimniablQ 
fluida inidor mn^iuar cirounmiaucoH, ihoy ran liurdly fail lo olient tlio 
attention of infpurnrft into tlto (»rigin and hintory of niotivo nuudianiftm, 
Tluiy may adbnl IduiH on old and loM. tirtn, Nor do thoy lack iutoroflt to 
genand, or ovmi loarutMl remdora; bonidoh lllufitnuing nnoiont m)clnty 
and nmniinra, they redhutt ligljt on tlm (InrkoMt pnanagoft of pootry and ro- 
tnanent tlioy adif atrongtb to flio coiivi<U,ion (hat much which ancient 
lltaraturn lm« failod to oxplain, a chmo oKtuni nation of unciout ariH may 
yet mndor cloar. Kvtui llm iOolijtilo, hi in) do m it BooniH, prnmiftOH to 
conduct incmirora, liko thn clow of Arifuhm, ihrougli hdiyrintliH aa por- 
ploxiug aa iIiohu winch pu/'/.loil idtl truvolloiri to lOgypt and (jHiIo. 

Of all iho fmak^ of poor humuu naiunn ididatry Ih the HtniugoHt; and, 
f.nkon ill courmetion with ovilw Hpringing from it, llio moM). infoctiouH tuul 
fata] of maladioft, Ilithorto iuorudiciddo, inoxpugnablo, it Imn tainted 
ail o)mchH, poUutod all pciiplo, Itft vaviigi^H have luum more dcHtnuUivo 
timu war, morn dmtmamng than fumino. It Iiuh Imoii the forlilo Hourco of 
both, Muporatition, tim pnnmt of idt^lntry, in poculiar to man, iinloHB do- 
munH ba tormorittul by it, which ih not unlikofy ; for, boftidofi its uHfiocia- 
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tions being truly diabolical, (it has every where erected altai*s to Baals 
and furnished victims to Molochs,) it seems the natural, and may be the 
universal punishment of mental debasement. It is to the mind what pre- 
mature decrepitude is to the body — a horrible penalty for violating a 
fundamental law of our nature, for stunting the souVs growth, for not 
cultivating the intellectual with the physical faculties, that both might 
expand and improve together ; that infant puerilities might be succeeded 
by youthful intelligence and masculine knowledge. Instead of this, 
superstition unites dwarfed and crippled minds to grown up bodies — 
stocks the world with souls blind to their destinies and duties, and con- 
sequently to the great purposes of existence lost. Where else, then, can 
such abortions be more appropriately consigned than to the hades of ig- 
norance — of sottish delusions — to murky regions, where the sickly ima- 
gination sits an incubus on the prostrate judgment, and visions of insanity 
are reckoned as realities ; where the occupants wander among shades, 
and mutter the gibberish of phantoms. 

A stranger to natural causes, startling phenomena have ever filled the 
barbarian with dread. To accotint for such things he peoples the ele- 
ments with imaginary beings, who control, as he supposes, all mundane 
affairs at their will. Meteorological commotions, pain, sickness, death, 
and every public and private calamity, were helcL as manifestations of 
their power or their wrath ; hence the idea of propitiating beings so 
mighty and malignant ; hence idolatry with its direful pi'ogeny, magic, 
divination, necromancy, and their congeners ; and hence too the rise of 
those astute spirits who, from the beginning, have subdued the million 
by working on their fancies and foars — who have raised themselves into 
gods and sunk the rest of mankind into brutes. 

Idols were almost invariably modeled after hideous forms, because 
designed to excite terror. This was in accordance with the principles 
on which demonolatry was founded. As fear was to be awakened it was 
essential to make them correspond, as nearly as could be, with the evils 
they had power to inflict or emotions they wore designed to inflame. 
To have made them more attractive than repulsive would have been 
preposterous, since it would bavo been neglecting the cultivation of that 
passion upon which their ofliciency r os ted. Their makers knew their 
business better. In nothing is the versatility of ancient genius more 
apparent than in representations of the horrible — in conjuring up images 
to cause the timid to tremble and the bold to recoil — the most hideous of 
hybrids, in which wore combined features derived from- every thing on the 
earth and in the waters under the. earth calculated to excite abhorrence 
and dread. Perhaps it is not too much to say that here also little is left 
for professors of the Jlne arts to do, except to imitate works of old mas- 
ters. Invention seems out of tbo question. Our best and worst specimens 
of diablerie and the monstrous are but copies and caricatures of originals 
ill old galleries of furies, minotaurs, hydras, chiraseras, centaurs, sphinxes, 
fauns, dragons, griffins, gorgons, satyrs, harpies, hippogrifls, and other 
unearthly combinations of human bodies with those of boasts, birds, fish, 
reptiles and demons. 

But ghastly, terrific or fiendish features were not always deemed suffi- 
cient. It was expedient to communicate active qualities, such as might 
influence other senses than the sight, and which, being appropriate to 
the character an idol was intended to sustain, might servo still further to 
establish or increase its fame. Thus, some moved their heads, arms, 
hands, eyes j others spoke, groaned, smiled, perspired, laughed, &c. &cl. 
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Origin of Eolijoilic Idols — Their Authors, 

A few, like the image of Nabia, squeezed unbelievers to death in their 
arms, and others, like the gods of the Zidouians, in their fury swallowed 
offenders alive. The repeated declarations in the Bible that gods of 
stone, wood and metal, neither saw, heard, ate nor “spake through their 
thTOats/’ &c. imply that by priestly artifice these and other functions wero 
imitated. Had all been dumb, motionless statues, this constant denial of 
such powers to them would have been nugatory. 

The date of androidal idols is unknown ; they appear to have been 
co-eval with the use of metals— are perhaps of a still earlier date, for 
modern savages have attempted them. They were found so effectual as 
to have become important instruments in the hands of rulers in ante-his- 
toric eras; while, to devise and work them became the profession of 
priests. As society advanced the treasures of states and temples were 
expended in their production, and the influence of both was exercised in 
establishing their reputation ; a union of wealth and intelligence which 
accounts for the perfection and celebrity of many ancient androids. 

Ever on the look out for novel and imposing devices, the founders 
and fosterers of idolatry were too close- observers to overlook the most 
appalling of naturo^s displays, and too keenly alive to their interests to 
remain ignorant of the means of imitating them. At an early day those 
gods wero counted the greatest that had power over fire and controlled 
atmospherical tempests — that spake in thunder and whoso darts were 
the oloctvic fluid. On this belief Eolijnlic idols a class certainly 

among tho most productive if not among the most ancient. They wero 
nocessurily tho woi'k of the founder, not of the carver, and, as already 
intimated, not a few of the “ brazen’* or “ molten” images of the Old 
Testament wore more or loss allied to them— an inference justified by 
numerous allusions to blasts of flame, smoke and wind issuing from their 
mouths and eyes, &c. There was probably less difficulty in the apotheosis 
of Eolipilic images than of others. When idolatry was universal few 
could refuse subjection to deities that rivalled Neptune in shaking the 
ground — Jupiter in his character of the thunderer; and Pluto — the grim 
and inexorable — the sulphur-enthroned god — in the worst of his func- 
tions. To none were apotrophic hymns so fervently addressed, for none 
looked more threatening and fierce, or gave out such awful manifesta- 
tions of wrath. 

Of their authors or inventors there is no room to doubt. They were 
nion whoso intelligence was far in advance of their times, who mono- 
polized knowledge for the sole interest of their class. Claiming kin- 
dred with hoaven, freed from worldly cares, clothed in reverend vest- 
ments, they lived apart from other people ; holy and artless in appear- 
ance, yet adepts in artifice and very devils in craft. Hierophantic magi- 
cians so jour nod in temples, feasted on tythea and got rich by means of 
idols, they moved gods to compassion by wires, and roused them to 
anger by explosive compounds. Their professional attainments are in- 
disputable. In tho roguish departments of physics they were never sur- 
passed. What resources and talents did those of Egypt display in com- 
peting with Moses, even to the development of lower forms of life I 
The laboratory was their study, natural science the volume over which 
they pored, tho knowledge of latent phenomena their wealth. It is im- 
possible to think on the variety, magnitude and difficulties of some of 
their impostures without conceding to them excelling ingenuity and im- 
pudence sublime. In chemistry and meclianics they were profound : of 
their contrivances few were more successful than those to which both 
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Puster icily an EolipUic Idol, 

^ntributed; but of all tbeir chemico mecliauical productions 
one performed greater deeds of renown than the Eolipile, 
mpliah its purposes this instrument put on a strange diversity 
and was endowed with such attributes as its adroit managers 
but, purposely disguised as it was, and its movements inge- 
.eked, its former tricks are not entirely concealed Ly the veil 
i has dropped over the stirring dramas of ancient life. It may 
l 1, though too remote to be distinct. In the deepest obscurity 
nances are too peculiar to be mistaken. It appears to have 
in mythologic and heroic ages, and, naturally enough, these 
imes of its greatest achievements. Besides a few minor en- 
, it was pi'incipally employed in personating three re mark- 
eters ; — a god, a warrior, and a guardian of treasure. In the 
lescended with neophytes into the sacred chambers and took 
3 lesser and sublimer mysteries, while at the altar it confirm- 
11 of its worshipers by miracles wrought in their presence, 
its effects were once equally decisive. Its appearance alone 
ke the head of Medusa, to petrify opponents with horror. 
)us troops (in early times all were superstitious) were as- 
the sight of an enemy, supernatural in form, borne along in 
clouds and whirlwinds of fire ; no stronger proof of the gods 
nst them could be adduced. Like the affrighted Philistines 
milar persuasion, their hearts would melt within them, and 
led they exclaimed with the warriors of Canaan, “Wo unto 
shall deliver us out of the hands of those mighty gods I’’ 
pent or dragon, it couched by the portals of palaces or lay 
ance of caverns to protect the plunder its owners had gotten 

exed figures and subsequent remarks may serve to elucidate in 
igi’ee a few of its performances under each of these characters, 
ipcclally Eolipilic ones, belong to a department of ecclesiaa- 
ry hitherto little examined and leas 
1. True, they recall no very pleasing 
IS, yet they make us. acquainted with 
3US transactions. This figure is a re- 
3n of Pusterich, a bronze Eolipilic 
ancient Germans, described at page 
ich the reader is referred. The burn- 
and fiarne issued from the mouth and 
orifice in the middle of the forehead, 
not near so repulsive as many an- 
modorn idols : compared with some 
most be doomed engaging. Perhaps 
rs were too far advanced to relish a 
eity, or one with an extra number of 
imbs. It is but one among many of 
diich might be adduced, had we the 
numerous’ bronze images extant, or 
noticed in antiquarian works. Seve- 
penings behind and fitted for plugs, no, 287. Ancient Eolipuio fdoi. 
ned for charging them with liquids. 

s an impressive resemblance between this figure and that of ft 
nd there may be a real similitude between idols of this kind 
reo fablod sons of Neptune and Amphitrito. As remarked fur* 
37 
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Cyclops, — Fighting Eolipiles, 

ther on, Jivc-hreathiTig and otTier mythic monsters were not all merevi 
sions, mystic emblems, or hieroglyphical pictures, but actual brazen be- 
ings, o£ the forms and with many of the functions described — in other 
words, Eolipilic idols, personified as all idols were. The reader need 
not be reminded of the relation of the Cyclops to fire, since they were aids 
tb Vulcan, and were destroyed by Apollo for manufacturing or ejecting, 
like Pusterich, thunderbolts. They are sometimes described as having 
but one eyo, at other times represented with three — two in the ordinary 
places, and a third in the forehead, as in the preceding figure. [See plate 
page 141, vol. 1, Po 6 broke’s Encyc. Antiq.] This idol is supposed to have 
belonged originally to a high antiquity, and may possibly be a genuine 
Cyclop. 

Two or three more metallic deities, which appear to be Eolipilic, might 
hero bo introduced ; but as the fact is uncertain, and nothing but con- 
jectures could accompany them, we forbear. Had more data been ac- 
cessible the subject would needs be a thrilling one. No work of imagi- 
nation could bo richer in interest or more fertile in intrigue and plots 
tlmn accounts of idolatrous androids of the more advanced nations of old, 
of tho puppet- ma ch in eiy in each famous temple, and the by-play by 
which tho I'everond showmen set them off to advantage, lulled suspicion 
and kopt their audiences in the right humor. We may descant as we 
please on epic poets, on tragic and comic authors and actors, but what 
were the best of them compared to those proto-fathers of fiction and his- 
trionic professions'! Men whose theatres were temples, whose stages 
wore altars : master players on the passions, who excited what emotions 
they pleased, and impressed on their congregations an abiding sense of 
tlio realities of the illusions they exhibited* The subject reaches down to 
tho nonage of society and come.s up with it to our own days; has relation 
to tho most stupendous system of deception ever conceived, and the most 
successful one over practised by man upon man; affords tho most de- 
plorable and durable examples of human credulity and cunning; in- 
volves the early history of all races and of nearly all arts. Its exposition 
of principles of ancient science would be highly instructive, and their 
yillanous applications often amusing* The mystery that envelopes it 
diTosistibly whets curiosity. The little that is known makes us anxious to 
push aside tho skreen that hides from our view the ingenious and elabo- 
rate mochanism by which pagan monks emasculated tho species and 
kept an awe-stricken world at their feet. 

The following figures illustrate the fighting qualities of the Eolipile. 
As a war- instrument it became better known than as an oracle confined 
in temples. In the field it was exposed to the scrutiny of the curious as 
well as of its immediate managers, so that, whether captured or not, the 
Bocx'ot of its construction could not long remain one, or the device be 
confined, if much employed, to one people. Nor did it cast off its pre- 
tottsions to divinity with this change of occupation, but rather sustained 
tbemj for it was as a god that it first became terrible in battle — as such 
its military achievements shook neighboring nations with alarm and ac- 
quired for it a celohrity that has reached to our times. The nature of its 
perfoi*maTicoB remained the same as at the altar, except that it now did 
not hesitate to destroy those whom it could not convince. 

Every people, no matter how barbarous, esteemed their own gods su- 
perior to others. It was indispensable to the interests of priests to keep 
this conviction alive under all exigencies ; hence while victories seived 
to establish it, defeats did not overthrow it. These, it was artfully sug 
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jested, were only proofs of a deity having become temporary offer.ded^ 
jither for not being properly invoked or on account of indignities offered 
0 his ministers. It was only to make his protdg^s sensible of his dis- 
)leasure that on such occasions he left them a prey to their foes 1 Pagan 
listory is full of examples, they abound in the Iliad, which opens with 
me. Thus the character of an oracle or idol, and the influence of its ofli- 
jiale were ingeniously preserved whether those who trusted in it became 
conquerors or conquered, victors or victims. Such was the practice un- 
ler ordinary circumstances, the god remaining the while undisturbed in 
us fane j but when extraordinary calamities threatened, when an invad- 
ng army approached and his worshippers were menaced with captivity 
)r famine, corresponding efforts vyere made to appease and even to com- 
Del him to be propitious. Bribes were held out, votive gifts, hecatombs 
md new temples promised — processions in his honor were got up, with 
jacred banners, relics, &c. borne aloft, (an European practice through 
;he middle ages, and an Asiatic one yet.) Then to make sure of success 
oy connecting his fate with that of his follbwers, the latter took him down 
from his shrine and carried him to the battle-ground, under a belief that 
le would not suffer himself to be taken if he were disposed to leaVe 
hem in the lurch. On tho same principle idolaters of every age have 
icted. The early Jews were not free from the strange infatuation^ nor 
is it easy to see how they could have been better informed previous to 
IT at the period of the Exodus. They were, as much attached to idols as 
he Egyptians, and took the first opportunity that the absence of Moses 
presented for making an image of Apis. After the severe defeat at 
Aphek, some of the ignorant got up a cry to bring tlie ark to the camp and 
renew the contest under its auspices. “ When it cometh among us it may 
aave us out of the hands of our enemies.” To this the better informed 
probably acceded with the hope that Jehovah would protect it, and the 
people for its sake, but they were mistaken — they were routed, thirty 
thousand were slain, “ the ark of God was taken,” and exhibited in the 
principal cities of the captors for a period of seven months, during which 
Phenician priests and artists were probably not very scrupulous in ex- 
amining its contents, its designs and decorations, the cherubim of ham- 
mered gold, their forms, features, wings, &c. 

In this same manner warring Eolipiles became known to others than 
their designers : as gods and demi-goda they made their debut in battle. 
As such they were victorious, and as such were eventually captured. 
Exaggerated accounts of some of the earliest are preserved in mythologi- 
cal annals. So awful were their attributes and so terrific their appearance, 
that'their very looks overcame their opponents. Of this Bnareua was 
an example ; but when their artificial nature became known they put on 
less formidable shapes, their efficacy then depending more on what they 
did than how they looked. In comparatively modem epochs they 
never, however, attained much beauty, if we might judge of the one 
on tho following page. 

The age to which the specimen figured in the next cut belonged is 
unknown. It and No. 289 are from a Latin folio published in Paris in 
1535, containing Vegetius on Military Machinery and Institutions, Elian 
on Tactics, Frontinus on Strategems, and tho Book of Modes tus on 
Military Affairs : — collated from A?^c^c?^^codicesby Budeus, the celebrated 
French critic. Attached to, and paged with Vegetius, are one hundred 
and twenty folio illusti'ationa, rudely executed on wood. They are co 
pies of those of the old German translation to which we have frequently 
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referred, with the exception of a couple of reduced fac-similes which 
are now before the readier, (a) 


c 



No. J238. Ancient Fighting Eolipilo. 

As not a word of explanation accompanies this singular figure, (nor 
any other in the book,) and little or nothing is to be found in Vega tius 
or other Roman authors to aid us, all that we can offer must be received 
as conjecture. If the magnitude of the machine be judged from other 
illustrations in the collection, it was colossal. No object is portrayed 
near it by which tp infer its relative dimensions. The general outline 
represents the human bust, and the whole seems to have been an enor- 
mous Pus tench on wheels. It probably combined the god with the war- 
rior, assuming the character of each as occasion required. It is no bad 
representative of both ; arid the powers it possessed of punishing its 
enemies are as obvious as they were awful, The ignited jet issued from 
the conical tube whose wide end is riveted to the forehead — (a small 
pipe descending from it to the bottom of the bust, as in the air-vessels 
of fire-engines,) and possibly, also, out of its eyes and mouth. The pro- 
longation of the nose, and the daggers projecting from the mouth, were 
intended to ward off blows during assaults, and to prevent access to 
it, lest the orifice or orifices should be spiked or other wivse closed. Point- 
ed projections of this kind are quite common adjuncts in old war en- 
gines. 

As this Eolipile is figured at rest and not in use, neither fire, fire-place, 
nor the mode of charging it is delineated. The fuel was probably applied 
in the lower part of the bust behind, though it may have been kindled 


(^( l ) FI. VegetiiRenati viri illustris de re militari libri quatuor. Sextiivlii Pron- 
tini viri consular is d? strategematis libri totidem. ^liani de instruendis aciebua 
liber unus. Modesli de vocabulis rel militaris liber unus. Ilem picturaj bellicsa 
cxx. passim Vegetio adjectsB, Oollata sunt omnia ad antiques codices, maxima 
BuDjEi, quod tesiabiti r .^lianus. Parisiis, mdxxxv.” 



Eolipilic War-Dragon, 5g] 

•nally, the head being for that purpose inclined backwards and rest 
n the cormgerous and auricular prolongations, which would, like 
jet ot a Qaldron, form a tripod to support it. But much allowance 
be made tor old illustrations. Scarcely ever is an attempt made to 
eate interior parts or external details. One object of the horn and 
was obviously to vary the direction of the jet, to incline the tube to 
ight (H* left, up or down, somewhat in the manner of the syringe 
le of Besson. The wheels are solid, and as there are but two, some 
lanism for preserving the image in an upright position was neces- 
as they moved on separate axles the tube could as readily be 
;d in a lateral direction as it could be elevated or depressed. The 
ler of conveying this machine to considerable distances is nift indi- 
, probably because it was rather intended as a stationary means of 
ice, than, like the next, a moveable one for attack. 



No. 289. EolipiUo WQr*Drftgon. 

jre is a variety of the griffin, bippogriff, or dragon genus, placed on 
wheels, and evidently designed to break the ranks of an opposing 
, by being driven through them. The burning liquids rushed out of 
‘ows of small holes on the upper jaw or lip : the effect forcibly re- 
ing one of mythic monsters from whose nostrils went forth smoke, 
rom whose mouths issued flame. No provision is shown for raising 
wering the jots, nor was any necessary, for from the elevation and 
ion of the orifices, troops among whom this engine forced its way 
L not avoid either right or left its fluid and scorching missive. The 
eld by the captain or leader is enlarged and pierced or cloven at 
)per end, where it is joined to the head : it is apparently a lever by 
li the plug of acock was turned to open and shut off the discharge, 
nny suppose the passage was closed in the present position of the 
, and that to open it the manager pulled back the end be grasps, 

, like a modern artillerist, he became sufficiently in the rear to be 
f harm^s way when the jets found vent; he then could join hisasso- 
3 in directing the monster’s movements. The wheels, as in the last 
3 , are represented solid, a feature undoubtedly genuine ; for it was 
niform practice to attempt to stop the progress of such war-chariots 
d wheels with spokes, by throwing sp.ears, &c. between the latter; 
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Its effects in battle. — Dragons Jigured on Banners. 

and hence such wheels were sometimes covered with boards or plates of 
iroii previous to entering into battle; 

The sword or dagger-like tongue kept an enemy from approaching 
too near in fronts while the flames protected both sides. It would not 
navo answered the purposes of this war-engine to have made its sides 
hoxTent with bayonets, for they would have retarded its progress by con- 
tact with every obstacle within their roach. Its efficiency depended chief- 
ly on the volocity and precision of its movements, it would therefore be 
divested of evoi'y tiling calculated to interfere with these. Tlie inclina- 
tion of the tongue was designed to remove obstacles from the path, 
Had tlm spike been horizontal it would have transfixed objects it met 
with, ^d the progress of the machine would soon have been stopped. 
This machine is apparently represented as in times of peace, for, unlike 
most others in the collection, no signs of war are delineated in the land- 
scape. The fire was perhaps applied externally, as in the case of Pus- 
tonch, the brazen monster belonging to the Tyrant of Agi’igentum, and 
other ancient devices of tho kind: but this part of the subject is very 
obscure. ^ Like chariots with swords and scythes fixed to them, and 
others with similar weapons revolving in their fronts, this machine when 
in active service was most likely urged forward by horses yoked behind; 
01 by a number of men applying their force to bars attached to and ra- 
diating from the rear — ^both ancient and very common war devices. 

An enormous 3Solipile, formed after the above pattern, charged with 
inflammable liquids, and driven furiously and unexpectedly upon a su- 
perstitious foe, must not only have borne all before it, like a modern 
locomotive, but must Imvo rendered opposition hopeless until its contents 
were oxp ended. 

The dimensions of this war dragon cannot safely he inferred from 
those of the men attached to it, for in most of the plates in the work 
whonco it is taken, no kind of proportion is preserved. Soldiers raising 
ladders to scale the walls of high towers are often drawn sufficiently tall 
to rcabh tho roof with their hands. 

As the name of a war machine, the term dragon was continued to 
modern timoa. It was early given to pieces of ordnance, to devices re- 
sembling in their attributes ancient Eolipilic monsters. Culverines were 
originally called fieiy-di'agons. The Draconarii of the Romans bore 
dragons on their standards ; the Partliians, Indians, Persians, Scythians, 
Assyrians, Normans, Saxons, Welsh, and all the Celtic and Gothic na- 
tions painted tho same thing upon their banners and pennons, as the 
Chinese, Russians, Tartars, &c, do now. Modern dragoons have pro- 
bably also derived thoir designation from soldiers who formerly managed 
Eolipilic dragons, as in tho preceding figure ; the name being preser\’cd 
in war*8 vocabulaiy after the office and instrument were forgotten. Or- 
ders of chivalry were named after the dragon, and. heraldry abounds 
with its figures. 

Lot us now turn to the history of the Goths, by Olaus Magnus. (Basil 
od. 1567.) The fourth chapter of the ninth book is headed, ** De ards 
eqzds ignivomis *^ — “ Of brazen horses that vomit fire.” The materials of 
the chapter are condensed from the History of the Danes, by Saxo 
Grammaticus, a writer who flourished A. D. 1140. .The principal inci- 
dent relates to the stratagetic skill of an old king, Regnerus^ who was 
eventually put to death by his sons, Daxon and Dian. On one occasion 
the two rebellious brothers invaded their father’s kingdom, having been 
furnished for the purpose with a large army by king Ruthenus, whose 
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ghters they bad married. Alarmed at the mighty forces brought 
inst him, llegnerus ordered a number of brazen, iire-breathing horses 
)6 secured on chariots, and whirled suddenly into the densest body 
is enemies. The manoeuvre succeeded, and his unnatural sons were 
to flight. It appears that the chaidots and their burdens were ex- 
dingly massive, since they overwhelmed whatever opposed them 
5 add the passage at large from Saxo. It will be perceived that he 
die lit respectiTig the fire-vomitiug faculty of the metallic chargers, 
ugh that was clearly implied in the opinion of the Gothic historian ; 
opinion that can hardly be questioned. 

J^ost hsec Regnerus, expeditionem iu Hellesponticos parans, vocata- 
) Danorum concione, saluberrimas se populo leges laturum promit- 
8, lit unusquisqu© paterfamilias, secut ante, quern minimi inter 
31*08 duxerat, .militaturum exhiberet, ita tunc valontioris operas filium 
probatioris fidei servum armaret, edixit. Q,uo facto omnibus, quos 
Thora procrevorat, filiis, preeter ubbonen, assumptis, Hellespontum 
squo re gem Dian variis contusiim bellis lacessendo perdomuit. Ad 
imam eundem creberrimis discriminibus implicatura extinxit. Cujus 
i Dian et Daxon, olim Ruteni regis filias maiitali sorte complexi, im- 
:ratis a socero copiis, ardentissimo spiritu paternoe vindictse negotium 
morunt. Quorum Regnerus immensum animadvertens exercitum, 
fidentia copiarum habita, eqnos mneos ductilibus rotalia superpositos ac 
;satilibus curriculis circumductoa in confertissimos hostes maxima vi 
agitari prascepit. Quec res tan turn ad laxandam adversariorum aciem 
uit, ut vincendi spes magis in machinameuto quam milite reposita 
ioretur, cujus intolerabilis moles, quicquid impulit obruit. Altero 
JO diicum interfecto altero fuga sublapso, univorsus Plellisponticorum 
aait excrcituB, ScithcB quoquo, Daxon arctissimq materni sanguinis 
iculo contingentes, eodem obstriti discriinine refuruntur. Quorum 
ovincia Witserco attributa, Rutenorum reg. parum viribus fidens, for- 
dolosa Regneri arm a fuga praecuiTcre maturavit. 

[Saxo Grawimallci Iliatoria Daub. Edited by P. E. Muller. Ooponhagen. 1839. Libor ix. p. 452.] 

In a note on the Equos .^neos, tho editor, not knowing that such 
ings had ever been, observes, comnientiim noscio unde petitum. 



No. 290. EolipiUc War-Kiigiiies. 

The cut No. 200 is copied fi-om the rude illustrations of tlie and 

th chapters, Book ix, ofOlaus Magnus. A figure of one of the brazea 
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horses is in the foreground, hut as usual it is a raere outline, and was 
perhaps designed hy the illustrator of the Gothic historian’s work from 
the meagre description its pages or those of Saxo afford. Nothing defi- 
nite can be derived from it which the text does not furnish. Neither the 
carriage nor its load comes up to the description : the words imply that 
the images had some elastic and revolving mechanism of their own, and 
versatile chariots meant something more than common carts. 

The fifth chapter (Book ix) is on the same subject, and to this effect. 

* Vincentius in Spec. Histo. L. xxxi. Cap. 10, asserts that the king of the 
Indians, commonly called Proster John, being attacked by a powerful 
army of Ethiopian Saracens, enemies of the Christian faith, delivered 
himself by a stratagem not unlike that of Regnerus, for he made copjper 
images of men and mounted each upon a horse. Behind every image was 
a man to govern it, and to blow with a bellows, through holes made for 
the pui*pose, on fiimid materials inserted beforehand into the body of the 
image. Provided with a large number of these he proceeded vigorously 
against his enemies, whom Vincentius calls Mongols or Tartars. The 
mounted images being ranged side by side in front of the hostile army, 
their managers were directed to advance, and when airived within a 
short distance of the foe to commence blowing with their bellows the 
smoking fire ^within, and with a continual blast to fill the air with dark- 
ueaft, — the consequences of which were that many of the invaders were 
slain and others took to sudden flight. Large numbers of horsemen and 
horses were burnt to death and some reduced to ashes hy Greeh-Jire, 
composed of the following ingredients, by the artificers of Prester John: 


Aspallum, nepta, dragantum, pix quoque Gxeca, 
Sulphur, vcrnicis, de petrolic quoque vitro, 
Mercurii, sal gemmiB Grseci dicitur ignis. 

Item : Sulpliur, petrol ium, colopKo, resi, lerebinllii, 

Aspaltum, campliora, nepta, armo, benedictum.’ 


Magnus could make nothing out of these old poetic recipes. He thought 
it would bo a vain task to attempt their explanation, and wicked to revive 
the invention. Ho seems to have been of an opinion — once heartily enter- 
tained — that the souls of the authors of Groek-fire and gunpowder were 
reaping their appropriate rewards in perdition, doomed for ever to taste 
of torments which their “ devilish devices” inflicted on others, vincen- 
tius, or Vincent Do Beauvais, was a learned monk of the IStli century, 
and one of the most voluminous writers whose works furnished emp oy- 
mont to the first race of printers. He died about 1260. His “Speculum 
Historialo” was printed in 1473. The most striking incident 'drawn Irom 
it by the Gothic writer wo quoted at page 400, from Carpini, a contem- 
porary monk, who began bis travels in 1245, and to whom he of Beauvais 
was most likely indebted for it. 

If the reader will now look again at the last cut he will fiud on the 
hack ground a miniature of one of the brazen horsemen in the act ot 
attacking the Mongols, and with a living soldier on the crupper per- 
forming his part of the business with bellows. There is certainly an air 
of romance about these figures ; but accounts of them reaching us through 
ages and hot-beds of legends, might be expected to be loaded with 
apocryphal matters. Of the main feature, that of ejecting flame and 
smoko, there is no room to question, since it is corroborated by old 
writers on Greek-fire, by the brazen horses of Saxo, and the preceding 
figures in this supplement. But Carpini's relation does not savor so 
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mch of poetry as may be supposed. Tlie principal difficulty is in 
lounting the images on natural horses; but this is not a necessary in- 
irence, They may have been artificial as well as their automaton 
iders — and we believe were so — were secured, like those mentioned 
y Saxo, on carriages, and behind them the bellows-blowers were loca- 
3d. If this is not what Carpini meant, we should say he misunderstood 
is informant. Living horses, with flames roaring and rushing from oii- 
ces close to their eyes and ears, would be as likely to be affrighted as 
losG they attacked : however drilled, they could not in such circ urns tan- 
es be managed without difficulty and without requiring the whole at- 
sntion of their riders, but the latter were entirely engaged in urging the 
res at the most critical periods of the charge, leaving tlie animals to 
•ui*sue the right course of themselves. We presume the metalline ima- 
es were a species of Hippocentaurs, the flames issuing from the hu- 
lan bust, and the fluid and other materials contained in the spacious 
bdomen below. 

It is said these equestrian images cast forth Greek-fire ; were they 
ben Eolipiles? mounted Pusterichs'l i, e. were they charged with li- 
uids, or with dry substances, which once ignited continued of them- 
elves to burn until the whole became expended % From the want of 
pecific information it is difficult to amve at a definite conclusion on this 
loint. The evidence, however, preponderates in favor of their Eolipi- 
ic character. Plad the contents been a composition similar to any thing 
ised ill modern pyrotechnics, what need of fire to heat them and of bel- 
ows to urge the five 1 Plow did the flaming stream continue to issue 
rom its orifice with unabated force as the material diminished within, 
ts it sank far below the place of exit 1 Would not the image be liable 
o explode ere its contents were half emptied? If not, why have me- 
allic images? Those of fragile materials would have done, Again, the 
eaction of the jet, like that of a rocket, would require no small force to 
)e overcome r it would be very apt to shoot the brazen warriors back 
imong their friends, instead of their canying destruction among their 
bes. But not one of these objections, and others which might be named, 
cpply to Eolipiles — to a liquid discharged by the elasticity of its own 
rapor, or the vapor itself thus shot forth. "With these instruments the 
employment of fuel was necesary and the application of a blast in time of 
iction important if not indispensable. But, what is more to the point, 
Preek-fire was a liquid. See p. 307, 8. Meyinck, in his account of ancient 
irmor, gives its composition from an author of the time of Edward III. 
Several ingredients enumerated are mentioned in the preceding re- 
npes from Vincentius : — An equal quantity of pulverized rosin, sul- 
phur and pitch ; one fourth of opopanax and of pigeons’ dung well dried, 
ivere dissolved in turpentine water, or oil of sulphur ; then put into a 
dose and strong glass vessel and heated for fifteen days in au oven, after 
kvhich the whole was distilled in the manner of spirit of wine, and kept 
for use. Another account makes it to consist chiefly of turpentine 
pvater (spirits of turpentine) slowly distilled with turpentine gum. It 
was said to ignite by coming in contact with water. 

Two distinct modes of dispersing the horrible fluid are mentioned; 
Dne by forcing-pumps, the other by ** blowing’^ it through tubes and 
from the mouths, &c, of metallic monsters. The former is noticed in 
connection with naval warfare, and the latter, if we mistake not, was 
chiefly employed in conflicts on land. Any one can see how difficult it 
would be for soldiers promptly to apply pumps in the confusion of bat- 
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tie. Appaiatus equal to our fire-engines would liave been of little effect, 
for tbo jets could but feebly be sustained, and worse directed while the 
reservoirs, engines and men were in motion, whirling hither and thither, 
now advancing and anon retreating. read also of portable siphones"*^ 
being also used, but these and the necessary vessels to hold the liquid 
were still less likely to be effective except on ships in close combat; 
where to keep up conflagrations, the fluid could be ejected, cold and un* 
ignited, on parts already kindled — as if our engines were to be employed 
to lanch oil or turpentine on objects already in flames. On ship- board, 
the reservoirs were always at hand, and both men and the fixed pumps 
they worked I’elatively at rest, and moreover protected either between 
decks or in equally secui'e locations, so that one or two individuals alone 
sufficed to direct the fiery streams over a galley’s bow or sides, and 
through flexible or jointed ajutages. 

The expression “ Moion through tubes,’’ &:c. could, of course, have no 
rofbronco to any thing like the sarbacan, nor to any employment of hu- 
man lungs. No adequate and no continuous force could have been ob- 
tained except by artificial means, and of those by none so readily as by 
the Eolipilo. That this instrument was intended, the figures in the cut 
sti'ongly indicate. If the vapor of the fiery liquid was ejected, we know 
thatnotliing olse could have answered. JBut both the idea and expression 
are used at this day with respect to modern Eolipiles ; engineers “ blow 
steam by opening a safety valve or other aperture of a boiler; and 
when one of those explodes, on shore or afloat, how often is it said of 
miBsing individuals and objects, they were “ blown overboard” — or 
“blown to such and such distances,” On a review then of the particu- 
lars that have reached us respecting the famous Greek-fire, it seems that 
tho machinery for ejecting it on shipboard was a species of pump ; and 
on land by large boilers, suspended on wheels and cb'iven by horses or 
men, made in fantastic forms of men and animals, from whose mouths 
tho flaming torrents were ejected. This, ancient writers have asserted, 
and the figures wo have given confirm. 

That Greektfire was rather the revival of an old thing than the dis- 
covery of a new one, and that both the fire and the jnachines for dis- 
persing it — Eolipilic devices infinitely more grotesque than any figured 
on these pages — were known in extremely remote times, is, we think, 
pretty clear. Under tliis impression some further remarks are submitted 
with tho view of eliciting attention to a curious and interesting subject 
of archeological I'esearch — one which, it will be conceded, appears to 
reflect light on old legends as well as on old Eolipiles. 

Tho history of idolatrous and other Eolipilic automata is lost or per- 
haps never was written, and now the- opportunity, the materials and men 
for preparing it are gono ; the requisite knowledge did not sufficiently 
transpire beyond the walls of temples, and even there was confined to a 
privileged few. Such a record could only have been furnished by those 
who had every earthly inducement to suppress it — by men whose private 
labors were devoted to disguise the elements of deceptive devices they 
employed, and whose public administrations still further concealed them. 
It may therefore be concluded that such an expose was never made, or, 
if made, religiously reserved for the perusal of heads of colleges or the 
eyes of arch -magicians alone. It is to be regretted that so valuable a 
fund of hidden knowledge, of mechcuiical and chemical combinations, of 
singular discoveries and inventions ; a bibliotheca for philosophers and 
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artisans, illustrating, probably, every branch of ancient science and ex 
posing the secret workings of some of the shrewdest spirits of antiquity — 
should bo lost. It would have enabled us to repeat staple tricks of Baby- 
lonian sorcerers and soothsayers, and would have placed us in a more 
favorable position for observation than was Pharaoh when he commanded 
*^the magicians of Egypt and the wise men thereof^’ to exhibit their 
skill in his presence. 

It is with Eolipiles as with other materiel of old jugglers. The few 
broken specimens and straggling notices which have come down arc in- 
teresting but unsatisfactory; they tantalize with a sip, and make the 
mouth water for more, provoking a thirst which they cannot allay. That 
these instruments are of a very high antiquity is undeniable, and that 
they were occasionally used to eject in flammable fluids for deceptive 
and destructive purposes is equally certain. The resemblance in the 
forms and functions of those we have figured to mythological firo-spout- 
ing monsters, is too striking to escape observation. And is there any ab- 
surdity in supposing both were artificial ; that the latter were literally 
what they are described ; and that stories of dragon-killing heroes are 
not quite so romantic as they appear 1 A literal interpretation of such 
matters may appear preposterous, but a slight view of the subject will 
convince unjn'ejudiced minds that it is not half so absurd as many receiv- 
ed metaphorical solutions, nor is it, like them, embarrassed with insur- 
mountable difliculties ; on the contrary, it renders things intelligible 
which paleologists have not ventured to explain, and which, without re- 
ference to Eolipilic automata, we presume they nover can explain — 
things so bizarre they know not what to mako of them. But oncG admit 
they were what they pretend to be, and there is little difficulty in receiv- 
ing them j interpret them by some other rule, and we are at once cast 
athift on the ocean of conjecture. 

Admit that mythic characters obtained celebrity from battling with 
Eolipilic opponents ; that some, at least, of the dragons and many-headed 
monsters of antiquity performed actions ascribed to them — belched out 
smoke and flame, shrieked and growled, and on the approach of strangers 
or^^emuous iinpertinenta ” shook tliemselvos, sprung from their caves, 
(they were commonly and for good reasons located in dark places) often 
destroyed those who attacked them, and sometimes disappeared in sudden 
bursts of thunder and amidst showers of thunderbolts — very much as 
their descendants, the steam-dragons of the present day, unfortunately 
now and then do. Admit this, and passages in history, poetry and tradi- 
tion, hitherto inexplicable, become recitals of facta; embarrassing enig- 
mas are unriddled, and the supposed bfiapring of fancy are f(Dund sober 
children of truth. That Greek and Homan writers did not perceive this 
is little to the point, since they do not appear to have been acquainted 
with fighting Eolipiles; they were therefore necessarily at a loss to ex- 
plain, except by metaphor, conflicts between those raachhiea and heroes 
of ancient days. But the presiding spirits at Eleusis and Dclphos could 
have furnished the clew, and, had it suited their views, could have illus- 
trated the entire series of firo-hroathing monsters, by reference to their 
own collections ; for, as before remarked, Eolipiles went from tlie altar to 
the field. 

In those remote times, when superstition reigned paramount, when 
common objects and events were construed into omens and uncommon 
ones were looked on as prodigies, the defeat of an army by fir6-bi*eathing 
warriors would form an epoch in barbarian annals ; exaggerated clcscrip- 
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tions of flaming chariots, of giants, dragons, hippogriffs and hybrids of 
every horrid form, and possessing supernatural powers, would be bla- 
zoned abroad and become permanently preserved in tradition. It could 
not be otherwise ; and that such was really the case is evident, for my- 
thology and remote history is replete with these very things ; with battles 
between Gods, Cyclops and Titans. But in process of time the artificial 
nature of warring Eolipiles would sooner or later be suspected and as- 
certained. Intrepid individuals took courage to attack and had the good 
fortune to destroy one. Success made them heroes, if not something 
more. To swell their fame the form and faculties of their strange oppo- 
nents were distorted, and the story repeated, with every addition that a 
love of the marvellous could invent or credulity receive, till, as ages 
rolled away, it became just what such stories yet extant are — stories of 
monster-killing gallants from Jason to Saint George, 


WARS OP THE GIANTS. 

In the wat*s of the giants, fire, thunder and thunderbolts were the 
chief destructive agents, and these, we are told, were produced by and 
ejected from monsters, apparently precisely in the manner of Pusterich, 
Some had move heads and arms than have Hindoo deities, with bodies 
terminating, like that of Dagon, in legs resembling fish or serpents. 
When brought into battle their terrible aspects and the volumes of flame 
they poured forth filled their enemies, the gods^ with consteT'riation. 
Defeated, these fled into Egypt, where they learned the nature of their 
ardent foes. Jupiter, Hercules, and their associate refugees having thus 
ascertained that their victors were not invincible, recovered courage, 
returned, and were at last victorious. Now what, when stripped ’of orien- 
tal ornament, does this amount to, but a conflict similar to that between 
Prester John and his Mongolian invaders ; between llegnerus and his 
unnatural sons, and otliers in which fire'^spouting images, figured in this 
supplement, were employed I The most ingenious conquering, whether 
gods or mortals were combatants. The names of the mythic parties 
were misnomers, for the deities were ignorant bi’aggarts — they could not 
withstand their ** earth-born ” enemies, but fled for refuge and instruction 
into other landsi The accounts remarkably resemble Chinese bulletins 
of. fights with E.uropeans — contests between modern “Celestials” and 
“outside barbarians.” For, ancient like, existing “sons of heaven” 
seem to have placed at first as much dependence upon their divine pre- 
tensions and their comminatious as in tlielr weapons, and therefore were 
defeated. The giants were probably ingenious or scientific men — the 
Roger Bacons of tlieir day — in advance of the age and consequently de- 
nounced, as such have ever been, by self-styled heirs of heaven, as infidel 
dogs or chilclreH of 'fartarus. 

The circumstance of the divinities flying to Egypt when they could not 
cope with the fire- breathing monsters, or rather with the cunning mon- 
ster-makers, is remarkable. There they, like less pretenders, improved 
themselves in knowledge. That it was an early Pharaonic policy to en- 
coui*age the discontented of neighboring nations,’ is abundantly proved 
in the Old Testament. “Wo. to them that go to Egypt for help — that 
strengthen themselves in the strength of Pharaoh !” [See Isa, chaps. SO and 
31 j Jerem, 43 and 43.] How deep and general must have been the im- 
pression of the power of the, Pharaohs to call forth the declaration — “ Now 
the Egyptians are men and not God; their horses flesh and not spirit.” 



Here is a description of Typhon, the most famous of fighting giants — 
can it be doubted that he was a genuine Pusterichl *‘He had nume- 
rous heads resembling those of serpents or dragons. Flames of devour- 
ing fire rushed hissing from his mouth and eyes ; be uttered horrid yells 
like the dissonant shrieks of different animals. He was no sooner born 
than he warred with the gods and put them to fliglit/.’ Not a circum- 
stance is here mentioned that does not accord with his alleged artificial 
character, and there are few others which do not harmonize with it. , 
He went to battle as soon as bom, that is, as soon as ho was made. The ; 
whole family was said to be “ earth-born ” — the members rising out of 
the ground comj^letely formed, &c.; indications of their gross not ideal 
nature, of their secret construction in subterranean workshops — the lat- 
ter a precaution essential to the recognition of, and belief in their super- 
natural origin. 

She sings, from earth’s dark wo'nib how Typhon rose, 

And struck with mortal fear his heavenly foes . — \Ovidf Met, v.] 

The name, Typhon^ is derived from a word signifying, “ to smokey 
The goddess of night was the mother of monsters; an enigma beau- 
tifully expressive of the secret fabrication of Eolipilic imagery. Typhon 
and his brethren were moreover sons of Tartarus as well as of Terra — 
were brought forth of earth by the assistance of hell — a trait still further 
significative, and 2 ^articulavly of the elenpent by which they were anima- 
ted, that from which their terrors were derived. Demons they were in 
shape, occupations and attributes; in the torments thoy inflicted and 
the victims they slew ; tangible, and the most perfect reimesentations of 
evil principles and passions. The paternity of these monsters is the 
same as that given to modern ordnance, so true it is that similar tilings 
ever produce the same ideas. A thousand times have guns and gun- 
powder been described as infernal inventions, as concejjtions injected 
by demons and matured by their influence. 

Does the idea seem too gross for contending gods and demi-gods to 
fight with Eolipiles 1 Let it bo remembered that Milton could find no 
warring engines so appropriate for Satan and his hosts as artillery. In 
fact, jDoets can only arm mortal or immortal warriors with wetq^ona and 
agents that are Icnoxon^ although thoy may exaggei'ate them. All sym- 
bolic imagery must bo derived, directly or remotely, from earthly tyjies. 
The author of Panidiso Lost necessarily followed, in this ros^iect also, 
the old mytliologists he copied, and as “ fiory moimtcvs,’' whether guns 
or Eolipiles, are not in their nature and eflects much unlike, wo find 
little ditforence in ancient poetic descriptions of ono, and modern poGlie 
descriptions of the other. Indeed they might often be incorclianged with- 
out detection. Tho monsters described by Milton as mounted \ipon 
wheels, whose mouths with hideous orifices gaped, and which, with im- 
petuous fury, bclchod from their deep throats chained -thunderbolts and 
iron hull, are therefore no stronger proofs of guns and gunpowder being 
known during the English Commonwealth, than arc fire-breathing hy- 
brids of mythology, of the early use of Eolipilic engines. 


■ THK COnCUIAN UULnS AND DTIAOON. 

If we turn to later examples wo shall find circumstance a leaking out 
which betray tho artificial character of mythic monsters. Tho Argo- 
nautic, like all early expeditions, was of a piratical nature. Its object 


JfZcdeci ciTtd Flyings D 7 '(xg 07 is» 

^1; “golden fleece,” a term in ancient Syriac 
twn treasures of gold. Those were protected by a dragon, and by 
two brazon-horned and hoofed bulls, which flashed from their mouths 
and nostrils flanres and smoke. A.s usual, they were located at the en- 
trance ot a cave. 


!! smoke iheir subterraneous home proclaims ; 

I' rom their broad nostrils pour the rolling flames.*’ 

[Apollo7iiu3f L. ill.] 

The daughter of iEotes (the Colchian king) becomes enamored of 
Jason, Iho lovers swear eternal fidelity to each other; and to save the 
advonturor s life, Modca explains to him the secret of the monster’s 
powers. informed, and famished with an ointment to protect his 

laco and hands from tliG aingeing blast at the onset, he approached with 
a smiling countonanco, as well he might, and quickly, to the chagrin of 
tiio moiiaich, subdued the brazen ’’ monsters. If any doubt remains re- 
apocting the true character of this transaction, it is greatly if not wholly 
loinovGtl by tho subsequent conduct of Medea. She every where evin- 
ces familiarity with the principles of the Eolipile — with secret applications 
of lirO| steam, sulphur, inflammable fluids and explosive compositions. 
(Sco page 120,) By the adroit use of these, which she introduced into 
Grooco, she became celebrated as the moat expert enchantress of an- 
tiquity. It was by a clover but diabolical trick in Pyrotechnics she de- 
stroyed Crousa, while, further to bo revenged on her unfaithful husband, 
sho contrived to sot his palace in flames and then disappeared in a cha- 
riot^ drawn by winged dragons ! — probably some startling pyrotechnic 
clovico leariiod from tlio magicians at her father^s court, and under the 
cover of wlacli she withdrew j unless we are to suppose she was blown 
uj) by tljo explosion of one of her own caldrons or compounds, 

Tlioro is no improbability in the supposition that attempts at flying 
wore somewhat frequent in remote ages, and that jugglers and ai’tists, 
like Da)dulii8, did thou, as in subsequoiit times, get up exhibitions of the 
kind ; but, bo tlii.s as it might, it may be taken for granted that so expert a 
pyrotoclmist as Medea, was at no loss in sending up a chariot with an 
artificial reprosontation of horself, on the same princijjle as such things 
have boon done from time immemorial in India and among the Chinese. 
Thoy wore common a few centuries ago in Europe. Like most old 
writers on flrO'WOX'ks, John Bate gives directions how to make “ fire- 
dr alcoa ” and “flying-dragons.” The latter were to be constructed of 
riba of light and dry wood, or with whalebone covered with innscovie 
glaasG and painted.” They were to be filled with **peti*ars,” — fiery ser- 
pents wore attachod to their wingspwluch were arranged to shake when 
the monster moved. A sparkling composition was to burn at the mouths 
and tails, and one or two large roolcets were to be attached, “ according 
to tho bignesHO and weight of each dragon.” The trick of Simon Magus, 
in presen CO of Chiudian or Nero, was perhaps allied to that by which 
tho Golcliian enchantress astounded her adopted countrymen. Giving 
out that he would prove his divinity, or his alliance with the gods, by 
flying, he appeared at tlio appointed time, as the story says, on the top 
of a high tower, whence ho flung himself, (or an artificial substitute,) 
and floated for some time in the air, supported by demons or dragons, 
Tlio latter no doubt as real as tho huge scarabeus which Dr. John Dee, 
state -conjurer to Elizabeth, made, and which flew off with a man on its 
back, and took a basket of provisions for the journey. 

Oriental literature is laden with aeiial exploits of this nature — of en- 



Ancient and Modern Jugglers, — Medea and the Dragon, 591 

chanters, who like Medea, or Urganda in Amadis de Gaul, transported 
men through the air on artificial seipents and dragons, and of conflicts be- 
tween knights and monsters. But lor the loss of those volumes on cu- 
rious arts,” — the pile of magical books burnt at Ephesus — {Acts, xix. 19.) 
many an ancient and modern prodigy miglit ‘have been explained. We 
know with what ardor marvellous tricks and stories were devised and 
concocted in the middle ages, and with what avidity gaping multitudes 
received them. Even at this very day similar tricks ai'e played off suc- 
cessfully by monks to unsuspicious congregations. Is it any wondei-, 
then, to find pagan boors in Roman times, and others in the darkest of 
mythic epochs, du25es to expert jugglers ? We may regret the infatuation 
of remote ages, but we should not forget how, in comparatively late 
days, traditions arose and swelled in wonder as years rolled over them, 
and how mechanical devices, sim}plo in themselyes, hut not comprehend- 
ed by the public, were metamorphosed into supernatural productions, 
which increased in mystery and magnitude as the times when they were 
contemplated receded from those of tlieir birth. Had printing not been 
introduced we might have competed with the ancients in prodigies, and 
prodigies as fully believed; for there are few old examples deiived 
from tangible mechanism, or pure phantasma, that have not been 
imitated by modern manufacturers. But alas for these 1 the revival of 
letters is the bane of their fame. Stri 2 :>ped of their boiTowed gai'ments 
they stand before us as ordinary mortals — a predicament most of their 
predecessors would be in, had we equal facilities to disrobe them. 

The manner of taming the dragon at Colchis is characteristic. It was 
the work of Medea rather than of Jason, accomplished privily, and at 
midnight. Instead of instmeting the leader of the Grecian adventurers 
to attack it as he attacked the bovine monsters, armed with his faulchion 
and club — a species of combat that might hare alarmed the palace, she 
adopted a process more quiet and equally effective ; in fact, just such an 
one as might have been expected from her. 

** To make the dragon sleep that never slept, 

Whose crest shoots dreadfullustre j from his jaws 
A triple tire of forked stings he draws, 

With fangs and wings of a prodigious size: 

Such was the guardian of the golden prize. 

Yet him, heaprinklcd with Leihccan dew. 

The fair enchantrfvss into shmhers ikrc2u*'* [Met, vii.] 

That is, in unadorned prose, she turned or tlirew on the concealed 
boiler and furnace a shower cold water ; and thus, without injuring 
the di'agon, sent him as effectually to sleep as a stonm-engino is without 
steam — the very device which has been recommended to render harm- 
less a boiler when ready to explode. 

The incident mentioned by A 2 ^ollonius of the dragon hissing so hor- 
ribly and loud, when the two lovers approached, as to cause neighboring 
forests to echo back the sound and make distant people start in their* 
dreams, is pure hyperbole : if modified to an ordinary growl it is hardly 
reconcilcable witli what he just before narrates of the lady being so cau- 
tious of awakening tlie numerous palace-guards as to escape through 
by-paths bat'efoot. Sensible of the solecism he in the noxt breath as- 
cribes the undisturbed repose of iEetes and his family to magic. It 
would however be futile to attempt to exti'act unadulterated truth in 
every particular from labored fiction, and particulai'ly in dragon history, 
to make out where truth and fable meet, whore one begins or the other 
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The Chhncera . — Cacus. 


ends. Facts woven up in old poetry were like woollen threads in Baby- 
lonian garments — valued in proportion as they were embellished. The 
poet’s like the sculptor’s or embroiderer’s skill was measured by the art 
with which ordinary mateidals were lost in forms and ornament. Few 
think of aluminous earth while viewing the splendid vase, and none look 
for truth unadorned in works of classic artists. ‘ 


THE CHIMiERA. 

The Cliimasra destroyed by Bellerophon looks very like another speci- 
men of Eolipilic ingenuity, though represented of course as a living ani- 
mal, agreeably to legendary tradition and poetic license, Homer de- 
eoribea it as 

. Lion faced, 

With dragon tail, shag bodied as the ^oat, 

And from his jaws ejecting streams ot fire. { 21 . vi.] 

The most popular of ancient explanations supposes this monster sig- 
nified a burning mountain, whose top, on account of its desolate nature, 
was the resort of lions, [an obvious contradiction] the middle being fruit- 
ful, abounded with goats, the marshy ground at the bottom swarmed 
with serpents, and Bellerophon by cultivating the mountain subdued it ! 
Such is one of the best specimens of classical guessing, and yet both 
mountain and its inhabitants were suppositious — assumed for want of 
better grounds of conjecture. It is observable 'that old fire-breathing 
monsters are represented as akin to each other: thus the Chimtjcra, the 
dragon which guarded the golden fruit in the garden of the Hei^perides, 
Cerberus and others, were related to Typhon and the rest of the giants — 
as if to intimate their common nature, so that, according to mythology 
itself, if one- was an automaton, all, or nearly all, partook of the same 
character. If the mountain supplied the true solution of the Chimera, it 
should furnish a key to unriddle the rest, but it woukVbc impossible to 
locate volcanoes where fiery dragons were — in gjavdens, cellars, palaces, 
&c. and still more so to make them travel abroad and rush hither and 
thither in battle. 

How much more reasonable to admit the Chiineera to have been an 
Eolipilic dragon; its description is then natural, its appearance and per- 
formances credible, and its demolition by the great captain consistent. 
Old demi-gods did not acquire their titles by wielding the mattock. 

If the figure No. 289 had a couple more beads and were furnished 
with the caudal terminus of a lizard or cayman, it would form no bad 
representation of the Cbimaera. 


CACUS. 

As like causes produce like effects, so in early as in later times dis- 
banded soldiers turned often robbers. Too idle to work, numbers of 
these ruffians lived by private plunder when opportunities ceased for 
sharing public spoils. Not a few of the old heroes belonged to this class, 
and among -them was Gacus. The story of this famous thief is an admi- 


* There is a striking likeness in the manners, customs and superstitions of the Col- 
chians, as portrayed 157 Apollonius Rhodius, aT\d those of the people described bv Saxo 
and Olaiis Magnus. It would be a curious fact if fighting and juggling Eoliniles, or 
the knowledge of them, lingered in tlie regions of theEuxine and Caspian from the 
adventure of the Argonauts to the battles in which the automatons represented in figs, 
289 and 290 are said to have been employed. It was from Scythia the arts of brass- 
founding and working In metals descended to lower latitudes, according to Pliny. 
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Personification of Eoli;pilcs — Gcryon. 

ible comment on the state of society in hia day, besides furnishing an- 
:hei* specimen of fraud preying on credulity by moans of Eolipiles. A 
)n of Vulcan, he knew something of macliinery and of the Avonders, 
Dnost and dishonest, his father wrought by it. As usual, he occupied a 
IV© favorably located for his purposes. 

.... See yon rock that mates the sky, 

About whose feet such heaps of rubbish lie; 

Such indigested ruin ; bleak and bare, 

How desert now it stands, exposed in air ! 

’Twas once a robber’s den, enclosed around 
With living stone, and deep beneath the ground 
The monster Cacus, more than half a beast, 

This hold, impervious to the sun, possess’d. [£n, viii. Drydcn.\ 

At the cavern's mouth he had a triplo-headed image, which (not its 
wner) belched black clouds and livid hro. Id was at length destroyed 
y Hercules, who we have seen had some experience in such matters, 
'he success of Cacus in levying contributions from the fields and folds 
f the simple inhabitants of the neighborhood, and on drovers passing 
irough it, appears to have been due to the tact by which he made it 
enerally believed that he and the monster were one and the same indi- 
idual : — a common ruse this in such cases, and one by no means pecu- 
ar to mythic epochs. He made hia forays in the night, and lay concealed 
uring the day. 

The personification of Eolipilic and other images was in keeping with 
leir design, and necessary to preserve their influence over the igno- 
mt. As they sustained the characters of gods and demigods, they were 
ddressed as such. The practice diflers but little from what’ is now in 
ogue j fire-engines, mills, ships, ^uns, &c. have male and female desig- 
ations, are often spoken of as it endowed with spontaneity and jias-. 
ions; but with not half the propriety as androids representing and poi> 
irming functions of living beings. Sometimes these are so delineated ivy 
leir appearance, feelings, employments, &c. that no doubt of men being 
itended could arise, wore they not at other times associated with attriv 
utes and deformities unknown to humanity, Tho solution is however 
asy ; — The ancients like the moderns gave their names to certain classes 
f devices, and it is descriptions of these which we confound with the 
ersons after whom they were named — the artificial dragon of Cacus 
nth that individual. The same cause of misapprehension may take place 
iritli regard to men and things of our day. What, for example, must peo- 
lie think, some thousands of years hence, of Washington and Franklin, 
[* all memorials of them should then bo lost except a few statements, oi 
i^hich one described them as floating monsters, 300 feet in length, with 
cores of bra7:on mouths through which they vomited floods of fire and 
oared so loud as to make mountains quake : — or according to another 
hey were of less majestic size, but showering volumes of smoko from 
ron throats, trembling with passion when obstructed in their progi'ess, 
,nd then starting forward, gasping and galloping over the ground with 
hnost lightning speed, and leaving trains of iiro behind ! Land and wa- 
er dragons I What could such people think unless informed that 74 gun- 
hips and locomotive carriages often boro the Christian iiumoa and Bur* 
lames of those celebrated men. 


o E u Y o N . 

Geryon, another demigod, resembled Cacus in appearance but not in 
lircumstances and condition, for ho was a prince, and rich in flocks and 
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Jicrcules. — Primitive ^rc^ialcncc of RoUery, 


liords, and to guard, tliom had a dog with two heads and a dragon with 
SO\Gn ; both of which were overcome by Hercules, who also slew their 
owner and seized the cattle as his rightful spoil. This Quixote of mytlio- 
logy travelled m quest of strange adventures, and enriched himself, as 
all heroes did and do, by rapine. In his time, as in Job’s, wealth consist- 
ou principally m cattle; and cattle stealing was, as in subsequent times 
not held dishonorable— except when unsuccessful. Gods and demiaods 
lolJowod and acquired fame by the profession. Of primitive nioss-troop- 
ors none oquallod Mercury^ and Hercules in cunning ; it was therefore a 
aad iniatako in Cacus to seize eight of Geryon’s kine while in the posses- 
sion of such a bold and knowing drover as Alcides. Though he succeeded 
in getting them unperceived into his den, his fire-spitting imago had no 
fears for tho enraged loser, who was too familiar with such things to 
dread thorn. . ° 


This primitive prevalence of robbery sufficiently accounts for the 
adoption of secret and extraordinary devices to scare night thieves from 
folds and dwellings of the rich ; and sure we are that modern ingenuity 
might be taxed in vain to produce one better adapted to terrify the igno- 
rant and keep tho dislionest at bay, in dark and grossly-superstitious times, 
than 11am 0- ejecting Eolipiles. On the approach of a thief, the concealed 
attendant had only to open a cock to send a scorching blast on die offend- 
or, or tlio lattei' might himself unconsciously be made to open it by his 
weight — a species of contrivance perfectly in character with the genius 
and acknowledged productions of ancient artists. Vulcan was full of such 
conceits. Even now a grim-looking image of the kind would excite no 
little horror among stupid burglars, while it would strike savages dumb, 

Tho word Gory on, according to some paleologists, signified thunder- 
bolts, and was allusive to the hissing, piercing, overwhelming and scorch- 
ing blasts wliich , issued from the dog and dragon, or from a triple-bodied 
monster called Goryon : not a slight intimation this of their Eolipilic 
nature. In fact, to consider them as figurative creations, and the rest of 
tho clmracters and objects real, is inconsistent ; unless it be conceded 
that Gory on *8 cows wore kept from thieves by metaphors, and that these 
wore hacked and shattered by material clubs and faulchions. It would 
have ro quire d some flaming similes to frighten experienced cattle-lifters 
like Cacus and Autolycus from their destined prey, or to induce them to 
•yiold up acquired spoils. 

To resolve those “brazen” monsters into mere creations of the brain, 


eppoars to us as rcasonahlo as to^ explain away in like manner metalline 
iiulonmta of tho Bible — representing them as having had no connection 
with the crucible, hut simple abstractions : the serpent, for example, as 
ambloma ti cal of tho cunning of Moses, and the calf of stupidity in the 
|>eoplc. J3y tho same process, wo might interpret the “bronze” vessel 
.or statue in which Eurysthous concealed himself from Hercules into an 
Imaginary symbol of excessive fear ; and so with the brazen hull of 
IMmlaris and horso of Aruntius,in which human victims were consumed, 
•and their ahrioks made to resemble the bello^ving of oxen, by reverbera- 
ting through interior tubes : a device probably as old as Amalekitish 
artists, and even older. The calf or heifer cast by the Israelites in the 
wildorncBs “lowed,” according to the Koran. (Chap, vii.) 

No one can donbt the ability of workmen ancient as Vulcan and the 
'Cyclops to produce macliinery of the kind. If one fact be more prominent 
ihaai another in tho earliest records, sacred and profane, it is the perfec- 
tion to which brass-founding had. aiulved, and the amazing extent to 
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netalUc imagery was carried. This was a natural result of idol' 
uperstition was the nurse of these arts ; the keenest intellects and 
workmen were engaged in them. The grand distinction between 
ful professions of past and present times, is not due to any differ- 
cap^acity or skill, but to the estimation in which the arts were and 
d. The ancients were ignorant of tlieir destined influence on 
happiness and glory, and therefore only such branches were pa- 
:1 as strengthened the hold of chief pi-iests and rulers on the mul- 


OERBISUUS. 

said of Horculos that he went about subduing the powerful, re- 
oppressed, and exposing fraud ; but when occasions required 
onsly acted the juggler himself. The last and greatest of his 
labors — his Cevborcau adventure— bears on every feature traces 
. Ho hero employs the very device which Cacua, Qeryon, iEetes 
era had found so successful. To play it off well would establish his 
roY all competitors. Having destroyed every earthly dragon be had 
f, ho undertakes to wind up his aebievoments in that line by prov- 
pvowoBS upon the ono which guarded the gates of hell. It was 
ro given out that he was about to bring up Cerberus to light and 
him to mortal view. This would eel ip so all other dragon transac- 
tid this ho accoinplialicd ! Is it asked how ? Why, by entering a 
cavern** on Mount Tacnarus, and after a while dragging to its 
a throQ-hcadod dog — an Eolipilic automaton ! As the oxhibltioa 
course made in the night, the allVightcd spectaxors, and all not in 
L’ot, could not doubt, at the distauco they st<md, the presence of the 
guardian of Tartarus ; its eyes glaring witlt living fire, smoke pour* 
n its jaws, its movements and the noise it made, would more than 
conviction. Tiio iniblic part of the performance being over, the 
3r, agreeably to promise, instantly sot about (no doubt to the grati- 
of the audience and particularly of Eurystheus) to remove the 
V to its own domicile. Thor© is no room to doubt this — ho corfcainly 
t l)ack to the place whence he drew it forth, and none were so bold 
low and soo how ho succoodod. Probably not one of tho beholders 
iild rather his haty^s and foot had changed places than have ven- 
ithin tho cave on this occasion. 

‘.an form a pretty accurate idea of tho sonorous roarings,” tho 
gH,” and “ variogatod yells” of mythic monsters, by similar sounds 
id when steam is blown off’, through various formed orifices, froJii 
i Eolj,pilos. 

itiuctiou is ohflorvabio in the characters and applications of firo- 
g images. Those which ropreaontod gods or warriors partook 
r loss of tho human figure, while such as guarded enclosures for 
liahitations, and places whore nchos wore kept, put on forms 
aided of dogs, sorponta, lizards, bats, &c. i, c. were dragons — an 
irived from tho omploymont of household TnaBtiffs and shepherd 
A hoautiful illustration of tlie practice of protecting houses is 
ontoving tho vostibulo of “The house ;)f the Tragic poet” at 
li. On tho mosaic pavement is lively represented a fierce and 
xi dog, collared and chained, in the act of barking, and ready to 
ipon the intruder. At his feet is tlio caution, in legible letters, 
zm, beware of tlio dog.) GniTins, or dragons, says Pliny, form- 
irdecl gold mines, and in old illustrated works some queer-look- 


ing nontlescriptB are seen performing that duty. The sentiment was 
on CO universally received ; it still has believers in betiiglUod parts of 
ISuvope, and over a great part of the East. It was encouraged by inte- 
rosted individuals to keep timid thieves at a distance. Ridiculous as it 
appears, it accords with every other, occupation of dragons. Why not 
protect rich mines as well as a few pounds of metal 'I The story or the 
fact gave vise to tlie fable of Cerberus; for Tartarus, its occupants and 
their occupations were all derived from earthly, tangible types. 

Pluto was an extensive mining proprietor, Tartarus his subterranean 
domains; its fires his furnaces. Demons were felons condemned “to the 
minos,** where, naked and in “ clniius,’* some toiled in darkness, and were 
urged to unnatural exertions by the lashes of inexorable overseers ; 
others, ghastly from inhaling the poisonous fumes, appeared still more so 
in the glare of sulphurous fires, in winch they roasted and smelted the 
01*08. Their punishment was endless, their sentence inevocable ; they 
had no hopes of pardon and no chance of escape. Cerberus freely per- 
mitted all to cuter the gate, hut not one to pass out. There were no 
periods of cessation from labor; their fires never vi'ent out; both night 
and day the smoke of their torments ascended ; groans never ceased to 
bo lioard, nor the rattling of chains and shrieks of despair. Acheron, 
CocytUH und Styx wore suhten-ancan streams, each possessing some pe 
culinr fetiUiro or property, while near Phlegothon arose a stream of car- 
burottod hydrogen, a phenomenon not uncommon on the earth’s surface, 
but often occurring in mines. Such is the moat probable exposition of 
the origin of Tartarus. From what else, indeed, could the heathen 
Imvo do lived the idea at epochs anterior to Scripture descriptions of 
hoi], and before prophets or ajDostlos floin’ished *1 We know that the an- 
ciorits sent' tlieir worst felons to the mines, and that these places pre- 
flontod tlio most vivid ropresontations of severe and cea^ieless punishment 
which tho earth affords. The greater part of the convicts ere they en- 
tered tliosc dreary rogiona took their last look of the sun. With shud- 
dering horror, pale, and eyes aghast, they viewed their lamentable fate. 
Milton’b doBcription of he’ll was literally true of ancient mines and sub- 
tOTranoan emolting furnaces. 

“ A dungeon horrible, on all sides around 
As one great furnace flam’d, yet from those flames 
No Ifglu, but rather darkness visible 
Serv’d only to discover sights of wo; 

Regions of sorrow, doleful shades, where peace 
Awii rest can never dwell, hope never comes 
» Tliat comes to all ; but torture without end 

Still urges, and a fieiy deluge, fed 
With ever-burning sulphur unconsumed.” 

Boos tho roaclor think the picture too iiigkly colored for mortai per- 
dition 'i Why, it lacks a modern trait, one more revolting than the 
ancients ovof imagined. Boys and girls from six to ten years and up- 
wards, lorn and hreel in coal-pits, less knowing than brutes, and incom- 
pax'ably worso carod for, are, or were recently, wholly employed in drag- 
ging ttud pushing on all fours, and perfectly denuded, laden, sledges 
tlirongh dark, broken, wet atid tortuous passages or sewers to the pit’s 
mouth 1 And this too in a Christian and enlightened land, where no 
small part of tho people’s eaimings are consumed by an opulent hie- 
rarchy i Is possible for hell itself so effectually to efface God s 
imago, or to heap such accumulated woes on infant and unoffending vic- 
tims 1 Pluto and his myrmidons would have quaked with passion at the 
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’e proposal of such a scheme ; yet it, and other evils scarcely less 
kening and vile, have their defenders among those who worship the 
lochs of monarchy and mammon. Heaven help the oppressed of this 
th — the creators but not partakers of its wealth — who industriously 
i, and through excessive penury prematurely die — urged to produce 
laximum amount of work with a minimum of rest and food — who 
:h their oifspring groan in hopeless misery here, and are threatened 
th endless torments in another life if they remain not satisficcL “in 
.t station into which,” some reverend and blaspheming despots say 
: hxith pleased God to call them!” 

riie reason why sulphur figured so largely in descriptions of Tar- 
ns must be apparent to all conversant with mining and metallurgical 
3rations. It is the earth’s internal fuel, the most profuse of subterra- 
in inflammable substances. It pervades most minei’al bodies ; and not 
nerals alone, but in metalliferous ores it wonderfully abounds. All the 
ncipal ores of commerce are sulphurets ; iron, silver, copper, tin, 
A, zinc, &c. Of these some contain 15, and others 50 per cent, and 
wards of sulphur, to get rid of which constitutes the chief difficulty in 
nr reduction. In order to this they ai'e “roasted ” at a low red heat 
' six, twelve, twenty, and some for thirty hours, that the sulphur may 
volatilized, and not till its blue flames cease is the signal realized to in- 
case the heat and fuse the metal. Thus, for every ton of the latter, half 
:on, and ofton a whole ton of the former has to be duiven off* in flames 
i vapor ; so that it was with strict propriety said that Pluto’s fires 
iro fed with it, Comparatively speaking, they consisted of little 
G, and little else was felt or seen. It impregnated every object, while 
in its offensive odor and suffocating fumes none could escape. Im- 
mso quantities of common brimstone are obtained by collecting and 
idensing the vapors that ascend from smelting furnaces ; and it may 
iro been this, or a native mass, which formed the throne or usual seat 
the lord of the lower regions. As long as the earth endures, volcanos 
m, and minerals are reduced, there will be, as in Pluto’s time, arti- 
ial as well as natural fires of ever-burning sulphur. 

There are passages in Maundovillo’a Travels corroborative of Carpini’s 
ages and Pliny’s Griffins. ITe speaks of artists in northern Asia as 
nderfully expert in automatical contrivances — “ fulle of cauteles and 
ylle disccytes,’*^ making “ hestes and bryddes, that songen full dolecta- 
y, and movedon be craft, that it seined o thei weron quyke.” In his 
Cap. lie describes a valley rich in gold and silver, (in the “ lordchippe 
Prester .Tohii,”) but it abounded with devils, and few men who ventured 
)re for treasure returned. Tliis was the story, and we need not say 
kv like a primitive artifice to scare people from intruding. “ And in 
Tide place of tliat vale, undir a roelie^ is an bed and the visage of a 
k^yl bodyliche, fulle horrible and dreadfulle to see, and it schewethe 
i but the hod to the schuldros. But there is no man in the world so 
•dy, Cristeno man no other, but that ho wold ben a drad for to behold 
and that it woldo semen him to dye for drede, so hidcouse is it for 
beholdo. For ho boholdotho every man bo scharpley, with dredfulle 
311 that ben overo more movyngo and sparklynge as fuyr, andchaung-- 
te and sterotho so often in dy verso manero, with so horrible counte- 
ice, that no man dar not noignon [approach] towardcs him. And fro 
a cometlie smoke and stynk and yhyr, and so much abhomynacioun, that 
Qtho no man may there endure.” This was one of the tricks which 
) traveller could not tell, whether it v^^as done “ by craft or by negro- 
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Dntgofis , — C/t I n CSC Fvst ionh. 

moyo/’ From autouiala Im h»w in tlui country bolunging to Procter 
Im’u fiithov-iu-law, [OliiiniJ lut wim Uul to coiiclinlo tluit artiats there 
L’|)aH«c<l all ino]i innlnr liouviui Jbr (lcH*<^])tivo in volitions. 

That <lovicoH liUo tlio oiio juwt doaonluul, or Biinilar to ilio brazen 
1*808 of RogncniH, nwo in vogiu^ in tlio lOiiHtp in Mauiulovillo’H timo, ap- 
ara from Marco Piuilo, who nu'ntioiiM magic conlrlvancoH for darken- 
r the air with cloiula of Btnokt\, &c. in uho by iho inilit.ury, and under 
i/or of which many wevo Hhiin, Marco liitiiMidf was onco ijj diuigor of 
j lifo on Buch an ocinmion ; ho ('Hcuipod, but Kovonil of lua aaaociatea 
)ro cut olf. 
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Had not idnaa of nro-Hpoiiting lunuh’HcriptH boon exceedingly ancient 
jy had never boenme ho intimately and niiiverHally mixed up with 
man aflaira. Throughout i,ln^ old world the dragon waa the nc plu.^ 
ra of imperaonatiouH of the hovrihh^* — the king of inoiiHlorH. It ia ao 
IV, and a more a[)|)(illing‘ cjn(\ or (mo invcjatod with more terrific tjuali- 
3 cannot bo deviaed. So dtu^[ily wim itn imago iinpreaHod on ancient 
iuIh that it pervaded hialory, aong, mid all roligioim. Wo moot with it 
the ScriptnrnH aa well oh in iIjij cluHHicM. 'i'lio ilovil, from Ida roputod 
mection with Hinolce and li([nid iirt^, m mumai *'tho groat dragon/’ In 
i roligiouH procuMHionH, ami in the “inyMteriea^’ or dramatic reprosen- 
ions of tbo churcl), Satan wuh Hyinholized by nn image of a dragon 
tting fire, The author of iho upocalypHo aetunH to allndtj to mytliic 
3-bn)alIiing imngoH in tlio fidlowing ]iaKMng(^. [f any man will hurt 
nn, fire procoodtali out of ihoir nioiUha and dovourol.li tlndr onomioB,” “ 
riio univtuHiii cuHloiu of oxliihillng figuroH oT drngoiiH in occloHiim- 
[il and civic jumijm wan a lny(hi(^ ndic — a nnictico contimuul from 
lOH whcni cujilunul ithiln and warring l'hiHj)iifrt wore liid in triiiinjili. 
on, objectH of HupoirttiliouH drmid, they imw anuiHod HjnH'.tatorH : at 
t conamtitjri of Amuj Hulh'vn, a "IbyHU*’* or gallt^y pr(^c(}ded the 
d rnayor’a barge; "in which liiyhit* wuh a gremt rod dragon, centinu- 
f moving uml canling forth wild lire : and nniiul nbiua llie Halil foynto 
ocl toirihlo, moiiHlreiirt and wildo nam, ca?iting fin^ and making a Inde- 
I miiflo.” If Uie tnilli ccuild lie known, tlicie would bo found little dif- 
nneo botweiui tluH niodeni moimlm* and Mome of ila ancioiit muneBakoH. 

cliimerica) )>i‘iiig wan ever ho {‘tdebrahal an llui dragon. To it 
iploH worn dodicaled, of which Home rernainiM] in claHHuml oruH, Tlie 
LCtice iH continued in Cdiimi. Of an oflicial dignitary it in ftaid, ere ho 
orud on tlio dnlii’H of ITih oHice (at C hint cm,) he omc morning paid liirt 
aitioUR nt eiglit tcunnhm, of which one \va« (amMoci'attul to the god of 
i, another to the god of wind, and a third to the dragon or dragon- 
g. "The fimtivnl of tlio dragendiotUH’* in niiotluw relic of timon wlion 
80 nrtUiciul inoiiHUnM W'cre in vogue. lf VM//c.fC Hep. iii. 95, ^7.] The 
mida of China and .Ifgmn tt'cia with dragon allegorioa and ripoIoguoH, 
0 figure 18 nn iinpeiial enildem, mid hm mich in wrought on reliOH, 
ntod on porceUiin, cnrvcal on dwcdlingH, Hhij[)«, furniture and oilier 

In Scmnllnavlnn uiul narlcia Ui iihih hisnay, mul iliroindnnii norihcrn Aniri mid 
otK*, the drngun wiin c|i« cmivrr?^iil mihi*^u'r of vrngciiarc. (t wan eventually intido 
cal of all dehtnicUve iCKi’nis— ol watei well ir* liie. Ii hecninc ahyaibol id’ Oic 
igc, on wliteh fieeomu ol it pouring water rioia die mouth were ailigucd in 

lent founUiins. Home ui thc'Mi Imvn beem noUced in iliac volume. May not 8i. 
n have Imd one !n view wlien Im wrolc *' x\nd the dragon cast out of his nunuh 
er nfi n flood." xil. 13-^7 ] 
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*ks of art. No people retain so many cliaractei'istics of times when 
[ipilic monsters flourished. They act on the same principle as old 
:riors did, by trying to frighten their enemies with warlike scare- 
ws, with pompous orders — assuming the language of gods and ad- 
ssing other people as devils, dogs and reptiles. Their taste for the 
rible extends to civil life ; things of the wildest forms which imagi- 
ion can furnish or nature reveal are most highly prized, 

Ls a guardian of temples, sacred groves and treasures, the celebrity 
he dragon has continued to present times. Enforcing a principle in 
lent ethics, it kept the ignorant honest by frightening them. But when 
3 St this magic power, and enchanted chambers could no longer be 
ed on, eastern monarchs sought out natural monsters to guard their 
cious stones and living jewels. Deformed negroes; the moat hideous 
nature’s abortions, are now the sentinels of eastern treasuries and 
aglios. 

ilytliic dragons liad commonly a multiplicity of heads. This was in 
jping with their design and with the taste of the times. Each addi- 
lal member adding horror to their appearance and furnishing in the 
uth and eyes additional ori flees for the issuing flames ; like flre-eii- 
ea that eject several streams. The device is very analagous to other's 
nmon in old war-engines. The idea was adopted by .the author of the 
St figurative book of the Scriptures. He speaks of “ a great red dra- 
i with seven heads and ten horns.” The figure No. 288 it will be 
n has one horn. Most of tho idols of tho Hindoos, and of the orientals 
lerally, have numerous beads, and some have horns. By dragons in 
Bible, crocodiles, or largo serpents, are commonly intended, but 
merical or mythic beings are obviously intended in such passages as 
: one above quoted. 

Another characteristic in dragon biograj>hy, attributed to rather mo- 
rn individuals, was an undoubted trait in the patriarchs of the species, 
hen ono was overcomo without being demolished, it was generally led 
triumph, in tho manner of Theseus showing off the Marathonian bull 
tho streets of Athens — or of Saint Romain leading with his stole a 
I'CD dragon to tlie markotqflac© at Rouen — ‘the victor receiving the con- 
itulations of his countrymen on his prowess, and the prisoner behav 
^ tho whilo, as well behaved prisoners should — i. o. silently submit- 
g to the will of tho captors. Suj)po3Q tho dragon figured at No. 289, 
iiauated of its contents, (in battle it would ofton require fresh charging,) 
movomonts put a stop to, and in that condition captured ; what fol- 
V 0 , but that the victors put one end of a ropo round its neck and tho 
ler in tlioir liands j and have we not then a perfect reprosontatiou of a 
ry monster becoming harmless as a lamb and tamely submitting to be 
I about, as ancient chronicles have it, ^*like a meke boasto and de- 
nay ro.” 

But tho dragon was dedicated to Minerva; and to whom else could 
have been so appropriately dovoted ? One might almost fancy she 
>unted this popular ibrm of tho Eolipilo on her cop as a compliment 
old artists. Certainly if tho patroness of tho useful arts had now to 
ect an expressive symbol of her best gift to mortals, she would adopt 
3 same thing in its modern shape — a miniature engine arid boiler, 
ns sho would considor, like Worcoater, her “ crowning” device. But 
is perhaps said, tho ornament on hov crost was an emblem of war. 
ell, was not that tho chief use to which Eolipilic dragons were put! 
len was isho not so familiar with artificial lightning and thumlor as to. 


nave rlvallo<l hov futlior in hurling th(Mn at will on lior foes. Sho took 
part in tlio vvai*« of tho gieinta, aiul dontroycul not tlio lotiBt of tlio kindred 
[if Tynhnn hornolf Anothor circiunHtanco indicativo of lior acqimintauco 
with Enlipilic contrivancoH in tho fact, (noticcul on a provienm pugo,) of 
tior imago at Troy having tlio faiuilty of Bonding flanioH from it.H oyos. 

It wore cafly thus to pviuuuul aiuf point out tlio aitUicial cliaruo.tor of 
innat of tho imaginary monatoi^H of nnti((uity — to rondor in a liigh dogroo 
probablo, that, liko urknowlodgod undroidal and autoniatal produotiona 
of Vulcan, Dunlulua, Iraniri, Ihn-illna, nnd otlun* arliKiH namod by IMiny in 
Ina 34l.h.Hook, thoy worn originally moclmnical, pyrotochnical oiMmlipilio 
iimigtmj mmintinum oouihining two or inoro and orcuirtiomilly othor olo- 
jnonta ill tluur functionH and movamontH ; that tho Imuilty of locomotion 
uttributod to hoiiio ncconlod not only with iipplicuiionfl of niodorn mo- 
chnniHin, hut with avowed artinciul r.outrivancofl of ana ion t artiatn, and 
duit thoir umtorial natintm worn, in ufun* tiinoH, coUHtruod into tlm ideal, 
oitlior from ignorauco or by tho imaginaliou of jiootH — but tliiH in unno- 
coBHury* Enough lum luum aaid to iiuluro tho rtnidor to purnuo llin sub- 
joct, or to Vtyoct ihn hypolhoairt hh untouablo, antitpiity of lOolipilos 

JH lUiquoHtionabhv 'I'luiir origin in hnit in roniolo tiino. Wo know thoy 
worn mudo in funtaHtia and frightful fomiM, woro untul uh uIoIh, rhiaiguod 
to Bpout Iluidrt and ojnrt liro— iho vm-y attrilmtoH aHcrilit'd to mythic 
rnonalam. Ih it unnsiiHmmbh' then to BUpjuiHt* iIk^ liiUor laid no oxiRtanco 
oKCCpt UR KoUpUoHl Hut if it bo nmtondotl rlu‘y 'vovo wlmlly ligurntvvo, 
from what worn tho tumroptionH deprived, if hhdipiltm wiu't^ not tho f/nnjrji 
they Bymbolixod ; and how amumt for roinridoncoH which nothing oIho 
in nature or in tut can prtuluco'l Ono obHorvatiun nu)n% and wo 
coiududo :~ 

Early applicationH of hhdipiloM and tlufir pronimi: cnnploymont an atoam 
boilcn'H, fnigg(‘Ht Borm^ lntm*(‘Hting fumlogioB, Muddonm of half civilizcul 
linioH and racr^H, tlmy connect tho romolo pant witli iho pn'Mimt. ( )rdain- 
<nl an it worn to movo in lulvanco of tho ariH nml tiMroniHli nmnkind, they 
liavo loHt nono of tlu^ir virtnn. If tliuir nnciimi: viignririM Hlioidt romnm- 
nitioR with alarm, ihoir enrront dcmilM itro oliciting flio world’H mlmira- 
tion. Thoy funuHliml tradition with mtirvedlouH atoricM, uml modoni liiH* 
toiy ifl ongagod in recording thoir wtmdoi^, 'i’luy HUp[)licd matoriiilH for 
fJio tmrlioHt and vvoi’Ht clinpiorH in tho cfarth'a niinuh ; to (liom and tlicir 
cfllu’lrt will bo dovoUul mmio of iho lattmt and btiat. I'kirmorly tlioy fiuddy 
porminatod (lodn j now, tho Htilo animHl(»ra of our grand niolivo onginoa, 
tlmy annihiluto limo and apHoi^ by tludr movomonlH and laugh at all phy- 
mcalnmiHlanco, (Unblvon watch iUcnr operations with ocatury and old 
mou hardly imliovo what tliey mm, Onco an iiimrurrmnt of tlio worwt 
oftyrannioH, tho iColipilo in horoming thi^ iiumt olfoctiutl agent in tlio 
tinctionoftyranlH. limtoud ofacling, imofyoro, onlmrnaii learn ; dobuHing 
the mind and furtlmring tho vie.wa of ojipri*Haorw, it ciiptivutcM liio judg- 
nmnt of the wiBonr, oleYateB imli(jnK in inomlH, and conform on thorn 
wealth and uxteutdod domain. The gmn of old ndrar.lo-mongorH, it ih the 
Htaplo device tif living magicians, ftn* iu pronant iniprovorii and UHora arc 
thu gonuino reproamuutiveH of Pharaonic Havana and mythologic Magi. 

NnW'Yuik, July, 18-15. 
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Abacus, 430 

Achelous and Hercules, fuble of explained, 
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Adam, traditions of, 12 
Adventures of a bottle, 47S 
iEscliylus, singular death of, 3G5 
A gricoJa, quoted, 69, 72, 117, 320, 351, 210, 
240, 27S, 316 

Agriculture, 79, llS. Implements of, 12, 132 
Air, its properties, 176 — 186. Ancient expe- 
riments on, 192. Rarefaction by lieut, 374 — 
3S0. Liquids raided by currents of, 224-5, 
447, 473 

Air-barometer, 188, 376 

— beds, 177. Guns, 181, 192, 270, 426 

— chambers to pumps, 2G5, 269, 270, 306, 
307, 320, 337, 338, 371 

— machines, 374-- 380, 447, 478 

— pumps, 179, IfiO, 190, 403,420 

Air and steam, their supposed identity, 396— 
400,418, 420, 421,672 

Ajutages, conical, clTect of, 479, 480, 4S6 — 
488, 490— 496 
Albertus, 104 
Alchemists. 396, 407, 408 
.Alcithte, taicen off by priests, 386 
Alcoholic engines, 441, 472 
Aleppo, water-wheels at, 116 
Alexandria, library at, 416. Wells at, 64. 66 
Alfred the Great, measured lime by candles, 
350 


Algerines, their superstitions, 36 
Altars, 107. Tricks at, 383—386 
Alum, used lomalcewood incombustible, 804 
America, ancient arts Ui, 169 — 172 
American water-works, 298 — 301. Fire-en- 
gines, 339—348, Wells. 60, 160, 164, 298 
Amontons, his fire-mill, 463 
Androids and automata, 104, 183, 294, 534, 
668, 673 » j / > * 

Anecdotes, of Mahomet, 10. Dentatus, 19. 
Darius, 22. Egyptian priests, 22, Two 
elephants, 39. A boy and goose 39. Alex- 
ander, 39, A caliph, 42. Clean thes, 66. 
An ass, 74. An Tncliim Cacique, 1 07. Ctesi- 
bius, 121, 122. Valentiniari, 196. A raven, 
203. A Spanish pump -maker, 224. A 
Basha, 316. A Dutch Bnrghcr, 3G6. Lord 
Bacon, 376. Marquis of 'Worcester, 392. 
Zeno, 393. Cromwell, 442. Savery, 464. 
Phocion, 637, 066. Oxen, 073 
Angelo, M. 534 


An^Io-Saxons, worshiped wells, 36. Homily, 
ibid. Buckets, 67. Mirrors, 121. Swnpe, 
09. Windlass, 72, Steam idols, 398 
Animals, employed to raise water, 74, 117, 
673. Devices of, 805. Their physiology 
illustrated, 180,181, ^09,210,266 — 268 
Anthemius and Zeno, 393 
Antipatcr, 282 
Antlia of the Greeks, 213 
Anvil, blacksmiths, 12, 43, 240, 241 
Aquarius, So 
Arabs, 41 

Arngo, 146,411,433 
Archimedes, 141, 360, 438 
Arcliytns, 7, 268 
Argand's siphon, 626 
Arkwright, 369 

Arts, useful, their origin, &c. 2, 6, 11, 12, 81, 
S3. 232, 282 

Artificial hands and feet, 4 
Atabalipa, 169 
Astronomy, 86 
Aqueducts, 166 — 169,212 
Auto da Pe, 361 
Awls, 87, 489 

Atmosphere, its properties, 176—189. DIs* 
covory of its pressure, 187, 426, 426. Its 
pressure diminished duritig storms, 481. 
By currents of air, 4S2-S. By currents of 
steam, 489 — 496. By currents of water, 
479 


Atmospheric pumps, 173, 176, 187 — 191,206 
—230 

^ sprinkling pots, 194, 195, 667, 


Babylon, 79. Hydraulic engine at, 183, 903 
Bacchus, tricks at his temples, 200, 386 
Bacon, Roger, 403 

Lord, 416-17, 660 

Balls supported on jets of air, steam, and 
water, 270, 395 

Barbers, 121, 162. Sea preface. 

Barometer, 190, 376, 481 
Basket, swinging, for raising water, 85,86 
Bate, John, 321, 375,421, 566, 688, 669 
Baths, 120, 147, 169, 393, 562, 668 
Bears employed in tread- wheels, 74 
Beer. 87 
Bees, 267, 276 

Beds, air and water. 177, 178. Bed cloths, 178 
Bedsteads, 87, 178, urazen feet. See preface 
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Rcl nnd the Dragon, 519 
nclloim, 308 

us nre-eiiginca, 313, 314. Bellmen, 

Ueljjiws, 87, no, 177, 180 , 232—243,261,268, 
483, Origin of the word, 670. Vulcan^s 
233,240,268, B6S. African, 236, 246,262. 
Asiatic, 236. Kgyptian, 237, 23S. Mada- 
ffascar,246,262. LunLcm,240,241. llolary, 
252,265 

piston, 244 — 262. Pliilosophica], 

39G, 397, 5GD, 670 ’ 

— ; 205, 210, 23B, 241, 243, 568 

Boll, hydviuilic, 137 
Bcl^nm, 124 
Boromco^s hair, M3 

Besson's Thoutre, quoted, 69, lU, 126, 162, 
218,280,317. 410 » » J » 

Boililehem, well at, 48 
Bil\lo qiioUul or illustrated, 2, 10, 11, 19, 22, 
24 , 26, 30, 3 1 , 33, 35, 38, 40 , 4; 6 1 , 62 , 84, 87 
90,95, 117, 132, 195,292,283,291,303,366, 
391, 393, 400, 476, 517, 036, 660, 665, 671 
Birmah, raising water in, 73 
BladcBiniLhs, Adam one, 12. Vulcan, 240. 

Grecian, 241 , See ^pruifacQ, 

Blnlcoy, 462 

Blood, circulation of, 132,267 
Blow.pipe.s, 19, 234, 669. EoliplUc, 569 
Blowing tubas, Ewbank^s. 484 — 496 

siplions, Ewbanlc^s, 627, 528 

Boa Constrictor, ISO 

Boats, Bteuiu and othors, 268, 403,419,423, 

Boilers, ofwomT and of granite, 470. Heated 
by the sun, 471 

— ancient, 392, 393, 522. Of coiled tubes, 

394 

Bmnea, 418 

BiudtelH, 32,52, 54, G3, 73, 83, 1G7, 171, 302, 
314, 315, 340, 341 . War caused by one, 67, 
Anciotit iru'tallic ones, 230 
Bue.lroi engines, G4 — GO, 128. Ancient, 573 
Biirckbavclt at Petra, 42. At Hamath, 116 


Calnlmsh, 14, IG 
CnvnbysOH, *377 

Camara Ob.soura, 37.9, 403, 430 
Candles, time measured by, 360 
Canno liydrunliquo, 372, 373 
CunopiiH, origin of those vossels, 23 
Capillary lUtracliou, BIO, 513 
Cardan, 396, 407, 410 
Carpenter’s tools and work, 87 
Carihugeniaa wells, 27, 38 
Cast iron, 208, 553 
Cttto the Censor, 536 

Cauldrons, )9— 21, 120, 162, 171,237, 238, 
391,304 

Cans. Sees Decatis. 

Cttwloy,'464, 468 
Cecil’s motive engine, 473 
Cement, 68 

Ccntrifiigal pumps, 229, 230, 290, 291 
Churns, go Iifcn, 162. Wat ch, 323 
Chain nf jmts machine, 122 — 132 
Chain* pnmijs, 148 — 168, 607. In ships, 164 — 
167,667 

Chain and sector, 407 
Chairs, iin))risoning, 29, 673. Cano, 323 
Chemists’ sijdions, 626 
Clieimiitis pressure engine, 362 
CliiUl’a rattle, inventor of, 268 
Cliili, nquediJcts in^ 165 
Ohimnoys increasing the draft of, 395, 482, 
483, 48S 


Chinese tinker, 20, 248. Juggler, 199. Wells, 
28, 30. 36, 83. Proverbs, 30, 31. Priming, 
Windlass, &c. 69, 70. Irrigation, 82, 83, 
86. Noria, 112. Chain-pump, 160. Ships, 
15S. Bellows, 248. Digesters, 393. Clocks, 
545 

Chisels of gold, and faced with iron, 5 
Chuck, eccentric, 285 
Churches, fountains in, recommended, 540 
Circulation of the blood, 132, 257 
Cisterns, 48, 68, 169, 170, 557 
Cistern pole, 57 
Cleauthes, 56 
Clepsydrse, 95, 642—7 
Clocks and watches, 122, 285, 323. Substi- 
tutes for, 350 
Clysters, 260 

Coach with portable kitchen, 445 
Coal-pits, raising water from, by fire, 419 
Cocks, of gold, silver, &c. 170, 5o9, 660. 
Three and four way, 354, 355, 421, 433,449, 
462,623. Ancient, 394, 557, 659. Guage, 
459. Siphon, 527. Sliding, 561 
Collins of iron and lead, 551 
Cog-wheels, 71, 72, 114, 121. Engine for 
cutting toelh, 323 
Cohesion of liquids, 513, 615 
Coining, Roman mode of, 6 
Combs, S7. S&e preface. 

Condensation of steam by injection discovered 
by chance, 466 
Conon, 143 

Constantinople, water-works at^43, 653, An- 
cient baths at, 552. Fire-engines at, 316 
Constellations, 143 
Cooking by steam, 471 
Cord and ouclcet for raising water, 63 — 56 
Cornucopja, Il9, 120 
Cortez, 159 — 163 
Coryatt, 78 
Cotton gin, 359 
Coupling screws, 32G, 459 
Couvre feu, 360 

Crassus, bad praeiico of his, 311 
Crates, saying of his about war, 309 
Creusa, 383 

Crucibles, Egyptian, S7, 234 
Crusaders, 32, 372 
Cupeio fiirnnces, 397 
Cupping, 202, 203 
Curfew bell, 350 

Ctesibius, 121, 122, 192,213,269, 266—270, 
647 

D 

Dmdalus, inventions ascribed to him, 268 
Damasking linen, 323 
Danaus, carried pumps to Greece, 130 
Darius, anecdote of, 22 
Dccuus, 319, 380, 410—13, 629, 633 
Delphic oraclc,-241, 392 
Democritus, saying of his, 67 
Demons, superslilions respecting, 31 3,482, 521 
Demostrienes, his father a culler, 6 
De Moura’s steam-engine, 4G3 
DenlaLiis, anectlotc ol, 19 
Deaaguliers, his bucket-engines, 63, 66. Re- 
marks on Savery,460.' Steam-engine, 461 
Dials, 643 

Digesters, 392, 393, 446, 447 
Discoveries in the arts, way to make, 359 
Diogenes, buried heels up, 36 
Distaff and spindle, 283 
Distilling, 381, 393, 407 
Divination, by water, 34, 36. With cups, 200, 
201. With lire, 383, 671. Steam, 392, 399 
Diving ships and apparatus 430, 431 
Dogs in tread wheels, 74, 76 
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Dolls, 87, 268 V 

Doors and gates, self-moving, 384, 655, 656 Faye’s improved tympanum, .111 
Dove-tailing, 87, 26$ Feast of Cana, siphons used at, 517 

Dowry of Scipio’s daughter, 121 Females, employment of ancient, 283 

Drawing water, imposed as a punishment, 84, Fetters, Lacedemonians bound with their own, 
131, 533 84. Found on skeletons in Pompeii, 29 

Drebble. C. 188, 323, 381, 430 Fire, modes of obtaining it, 197. Sacred. 196 


Drinking vessels, 4, 11, 14—16, 162, 195, 206, 
620—2 

Drops of liquid, 511 
Dropping tubes, 199 

Dimstan, St. 104, 105. Adroit trick of his, 
107 

Dutch scoop, 93. Fire-engines and hose, 328, 
329. Inventions. See preface. 

Dwellings, heated by steam, 471, Fountains 
in, recommended, 361, 640 

£ 

Ear-trumpets, 379,673 

Ecclesiastes, a fine passage in, illustrated, 
132 

Ecclesiastics, devices of, 103 — 108, 383 — 387, 
392, 398—400 

Eddystone light-house, 258, 366, 367 
Egypt, labor of, what it \va^ 86 
Egyptian wells, 26—28. Customs, 34, 78, 
81,83, 87. Noria, 113. Shadoof, 94, 95. 
Mental, 85. Chain of pots, 123, 131. Screw, 
142. Siphons, 516. Clepsydree, 644, 547. 
Goldsmiths, 234. Firc-engme, 307 
Emblematic devices, 32, 194, 203,261, 314, 
557 

Endosmosis, 610 
Engines of motion, 41^ 423 
Engines to extinguish fires, of great antiquity, 
303. Employed in ancient wars, 303, 306. 
Referred to by ApoUodoriis, 235, 304. Des- 
cribed and figured by Heron, 305. Portable 
engines, 311. Syringe engine, 816,317} 321. 
German, 318, 319, 324. 331. English, 320, 
321, 322, 332—335, 668. French, 324, 326, 
327,329,336. Dutch, 328, 331. American, 
339, 344, 345. Rotary, 286, 673. Steam 
fire-engines, 338, 346 — 349 
English, inventions of, 323. See preface. 
Water- works. 294 — ^296 Fire-engines, 320, 
332 — 335. Steam-engines, 420, 437, 455, 
465 

Eolian harp, 104 

Eolipiles, an emblematic device, 261. From 
Heron’s Spiritalia, 394. For blowing fires, 
395—400, 673. Increasing draft of chim- 
neys, 39o, 401. DilTusing perfumes, 401. 
Producing music, 401, Fusing metals, 397, 
669, 670. In the human form, 39^ 399, 
Used in war, 400. Charging, 396, 407, 670 
Eolipilic idols, 398, 400, 670 
Eolus, god of winds, 400 
Ephesus, fountains at, 49 
Epigrams, ancient, 282, 637 
Erckers, blowing eolipiles from, 307, 670 
Evans, Oliver, 424 

Evaporation of water from the earth, 606 
Ewbank’s experiments on raising water, 226. 
Mode of propelling vessels, 406. Blowing 
tubes, 484 — 496. Spouting tubes, 497— 
604. Mode of evaporating liquids in vacuo, 
495. Experiments on the force of sap, 509. 
Increasing the draft of chimneys, 488. Yen- 
iliting ships and mines, 488. Siphons, 627, 
528. Siphon cocks, 627, Tubular valve, 
556, Sliding cocks, 560, 661 . Tinned leaden 
pipes, 655 

Eiplosion of boilers, 392 

Explosive motive engines, 441, 460, 471 — 473 


197, Superstitions respecling, 312 — 314. 
Protecting buildings from, 304, 349. Greek 
fire, 307. Laws respecling, 351. Raising 
water by, 374—384 , 418, 419, 431, 442. 
Kindling on altars, 383, 384 
Fire-escapes, 360 
Fire-engines, 302 — 349, 673 
Firemen, Roman, 309. American, 340 — ^346 
Fire-places, 483 

Fish, fishing, 86, S7, 185. Nets, 660. Salt- 
ing fish, So 
Fitch, John, 424 

p'latterers, among men of science, 143, 146 
Flies, curious mechanism of, 182, 183 
Flying, 103, 104, 324,430 
Fly-wheels, 278, 283 
Floats for steam-hoilors, 471 
Fiudd, Robert, 65, 394, 239, 354, 407 
Forcing pumps, 262 

Forks derived from China, 70. Their use in 
Europe, 76 — 78 

Fortification, a moveable one, 430 
Fortune, wheel of, 119 
Fountains, 27,33, 34, 35, 41, 43, 49, 119, 163, 
no. Artificial, 30, 361 , 379, 445, 632—541 
Fountain lamps, &c. 193 
Forcing pumps, 2G2 — 281 
Frnneim’s bucket machine, 128 
Francois’ steam machine, 463 
French inventions. See pre/ace. Water- 
works, 277, 296 — ^29S. Fire-engines, 317, 
824-881, 336 

Frictionless pumps, 208, 209, 321, 274, 668. 
See beilows pumps. 

Frogs, climb by atmospheric pressure, 183 
Fuel, in steam idols, 400. Lord Bacon on, 
417 

Fulton, Robert, 359, 484 

Fusee, 71. Fusee windlass, 69 — 71 

Future liappiness, erroneous views of, 508 

G 

Gaining and losing buckets, 64 — 60, 128 
Galileo, 104, 187, 188 
Games, ancient, 81 
‘Garcilasso, 167, 170, 609 
Gardens, Egyptian, 101. Babylonian, 134. 
Mexican, 363, 637. Peruvian, 171. Ro- 
man, 636. Italian, 637, Persian, 639, 673 
Floating, 639 

Garden watering pots, 194, 196, 667, 673. 
Garden syringes, 261 

Gates and doors, closed by machinery, 656 
Gauls, 36. Induced to invade Rome by tha 
report of a .smith, 19 
Geese, in tread wheels, 75 
Genevieve, St. 37 
Gensanne’s engine, 463 
Gerbert, 104. 401 

Germansnail, 138. Bellows pump, 207. Fire- 
engines, 319, 323 — 326. German inventions. 
See preface. 

Gesner, 381 
Geysers, 411^ 507 

Glass, painting on, 4. Engine for working, 
323. Mirrors, 121. Glass tomb of Belua, 
200 

Glass lubes, curious motion of, 429 
Glazier’s vise, antiquity of, 664 
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Glauber, device of his, 440. Safety valves 
used by him, 451. Wooden boilers, 470 
Glue, ancient, 87^ 

Gnat, the, a boat builder, 268 
Goats employed in tread wheels, 162. Battles 
between, 366 

Goblets for unwelcome guests, 521 . Magical, 


Gold- beating, 87 

Golden legend, extract from, 313, 314 
Goose-ueclc joint, 307, 322 , 327, 673. Substi- 
tute for, 324-— 326 
Gosset’s frictionless pump, 208 
Goths employed bears in tread wheels^ 74 
Gravity, suspension of objects against, 142 
Greece, wells in, 27, 36. Antiquities found 
in them, 60. Water raised from them by 
the swape, 06 
Greeks, 268 

Green-houses heated by steam, 471 
Guage cocks, 469 
Guage, mercurial, 461 
Guorricico, Otto, 181,190, 426 
Gulf stream, 477, 47S 

Guns, repealing, 430. Air, l8l , 192, 270, 379, 
673. Steam, 395, 423, 673 
Gunpowder, 143, 383. Known to Roger 
B^on, 403. Engines moved by, 441, 460, 


Gutters, fov raising water, 88, 91, 92. Spouts 
of, ornamented, 119 


JTL 

Hair, coloring it practised of old, 120. Bere- 
nice's hair, 143. Pulling up trees by one of 
Sampson^s hairs, 418 
Hamath, water- works at, 116, 116 
Hammer, its origin and history, 5, 6 
Hand, used as a cup, 11, 40, 62. Artificial 
hand. 4 

Haskin’s quicksilver pump, 274 2r5 
Hamcfillo, 441 
Heart, the, a pump, 268 
Hegisostratus, wooden foot of, 4 
Hele poles, 304 
Heliopolis, fountain at, 43, 49 
Heliogabalus, 177, 661 
Heraldic devices, 261, 314, 396 
Herculaneum, wells at, 28, 29, 55. Fountains 
at, 634 

He reward, the Saxon. 36 
Herodotus, quoted, 4, 11, 12, 20, 22, 27, 68, 
79, 80, 81, 84,96, 133,241, 260 
Heroes, old mechanics the true, 6 
Heron, 66. His fountain, 361. Air-machines, 
878. Account of his Spiritalia, 385, 386. 
Eolipiles from, 394 
Hieroglyphics, American, 164 
Hindoos, their mode of drinking, II. Wells, 
30, 33, 35, 3S, 52, Carrying water, 84. 
Picotah, 97. Swinging basket, 85. .Tantu, 
89,90. Syringes, 260,261. Water-clocks, 
644 


Hire La, his double acting pump, 271 
Holy water, derived from the heathen, 166, 
196, 386. Ancient vase for selling it, 387. 
Used in consecrating bolls, 313, 314, and 
various other articles, 196 
Homer, quoted, 19, 21,22, 33,233, 240, 260, 
636. Kent a school at Scio, 131 
Honors, titles of, absurd origin of some, 144, 
146, 446, 446 
Hookah, 270 
Hooke, Dr. 441 
Horn of abundance, 119, 120 
Horn, drinking, saying respecting it, explain- 
ed, 205 


Hour-glasses, 646, 647 
Hose pipes, 304, 326—328, 345 
House warming, 37 
Hudibras, 266 

Hurricanes, commence at the leeward, 4S1 
Huyghens, 441 
Hydraulic belt, 137 
Hydraulic ram, 367—372 
Hydraulic machines, ancient, 7, 10, 81, 131 
132 — 135, 267. Used as first movers of ma 
chinery, 128, 140, 158 
Hydrostatic press, 276 

r 

Idols, 82, 106—108. Eolipilic, 398, 399, 670-i 
572 

Impostures, 23, 106— lOS, 376—378, See 
juggling, 

Imprisonmg chairs, 429, 673 
Incas of Peru. Aqueducts erected by them, 
165—168 * 

Incendiaries, 308, 350. Punishment of, 351 
India ink, 70 

Indians, American, 60, 107, ISO 
Inertiaj 373, 603 
Intermitting springs, 606 
Inventions, now realized, 359, Few record 
ed, 416. Cause of this, 427. Advantages 
of recording them, 453, Century of, 64, 
140, 362, 42S— 438 

Inventors, old, concealed their discoveries, 
and why, 427. Caricatured, 439 
Iodine, discovery of, 414 
Iron cauldrons soldered, 20. Iron statues, 
142. Planing iron, 2S3 
Iron first cast m England, 663 
Irrigation, 28, 79, SO, 83, 84, 95, 118, 119, 
126, 131. 132,163. Aquarius, an emblem 
of, 119 ' 

Italian mode ol raising water to upper floors 
63. Fountains, 534, 637 


Jack, old name of a man-servant, 76, Smoke- 
jack, ibid. 

Jack of Hilton, a Saxon eollpile, 398 
Jacks of the clock, 643 
Jacobis well. 3S, 42, 44 
Jaculator fisn. 257 
Janlu, 89. Alluded to by Moses, 90 
Japanese water-works, I2o, 557, Clocks, 643 
Jehoahaz, portrait of at Thebes, 116 
Jets d^eau, 163,532 — 641 
Jeweled holes for pivots of watches, 122,547 
Jews, their wells, 2d, 33, 34. Watering land, 
86. Their arts, 133 

Joseph’s well, 38, 45 — 47. Divining cup, 200 
Josephus, quoted, 38, 40, 54 
Juggling, jugglers, magicians, &c. 23, 106— 
lOS, 198—201,376—385, 619, 621—523 
Juvenal, quoted, 19,43, 121, 310, 311, 312, 
377. Banished, 48 


Kircher, on the speaking statue of Memnon, 
377. Hellows-pump from, 243. Turned a 
spit^ by an eolipile, 396. His mode of 
raising water by s'toam, 422 
Kitchens, 75, Egyptian, 237,238, 617 
Kites, boys’, 422 

Knives of gold and edged with iron, 6. Port 
able knives, 206 
Koran, quoted, 10, 64, 117 

L 

Laban’s images, 671 
Ladders, portable, 360, 431 



LiXesMoerifi untl Mwootla, 80 
Lumps, 1^4a,iS43, 4^1 

I.imumi UoUnWft, 237—240, Pump, 241 , 243 
l.ttft***. »SV« hiuh, 

i.nU'ritl rniiununicmion of motion, 475—480 
Lttvt'r of 657 

l.HW, n imr to thi* prngrflsa of tho nrls, 4.27 
l.ml, p^*i of; hmdon Toof», cofllna, roUod 
Uil, pipes 303,211, 550—654 
pipe« liinmil, 655 
Lenllier pipex, 301, 3S11 
LnmeH, runcnvo niul convex. 380, 381 
Lettpnliprt ^*irc•.en^iue8, 330—331, Slcum- 
eiiuiiii'N, 403, 400 
Level, 3UM 

Libmry, lit »n onciont idiip, 247, Alexandrian, 
destroyed, 415 

ItioiiH’ Itctttls (in cocits. gutters, See, I ID, 567 
I.iiHinr 1D5, IDD 

I.Uirmnf Peru, 257 

l.tmibsione for Husiicndingmi iron statue, &e, 
142 

Lnbnier’s inil, meclinnlsm of, 258 
I,(tctumuiv« carrittttea, 403, 42^ 424, 473, 
ImTcttiiingdmft of cniinnoya of, 397. 488 
Tamdnn wtuer^Nvorlw, 294—296, 321, 434, 567 
Lanking^gltiascs, 121 
Liicnn, quoted, i08, 195, 640 
Luulrul vftso and water, 887 

M 

Mnenroni, knead ingf, 01 
Mftchlnea, worked by lha feet, 90, 987—289* 
War nmehIncN, 805 

Mfteluneaof ClcftibiuB, 132, 102,213, 359,260— 
270, 647 

MttdHHt«»cftr, liellowB of, 240, 263 
MftfCic goliletH, 61H, 690 
Mawflittucient one, 143 
Mnkomeduns, tracliiioim and customs of, 19, 
36, 80 

MaUomel, 10,64. Ills ooflln, 149 
Man.ldftMy a living pump, 267. Hie past 
nnlt ftaute Bond Won, 88B-M0, 608 
Manco Oajenc, 108* 172 
Mangle, ulilrteaoi DO 
Mamiseripls, 108 
Murlner'a compoaa, 143 
Murll, water-warka at, 2D6— 298 
Mam, represented, 308 
Mimml, quaied, 621 

Masindmi, inulition of, 166. No extinct nni- 
nmla of ike ox kind llvtrly foftl UIb^j 210 
MftlheMus, 4It) , , ^ . r 1 

Meclmuio jiowem, origin of »omo, 1. Implo- 
meniN, n, 6 , r 

Meclmnica, ancient, littlo known of inoip, 
3, 4, An ticcfuml of their works mm worlt- 
fthopM would have Imon invaUmblo, 4. The 
Iriitt heroes of oM, 4, 6, formerly eoiilDd 
when III woric, 13D, 240. Advnniugoa of 
biudying the meclianiHin o( animnls, 268, 
Old pnei«tH ilrshrnlo mejchanics, 104, 401, 
441 

Mechmiifun, roviilving, 2K3— 284 
hledeii, iaveniroNH of warm and vapor bnlhs, 
190 

Medit'inea, fpmclf, 120 
Memtum, Riatiio of, 377, 401 
MpreurittI Kongf' and suroty valvos, 401 
MetttU, hammered into plnltJB, 2, 283, OOi. 
Drawn into wire, 9. And kdo pipes, 064. 
Ancient works In, 6,87, 162,171, oQ7, Sfia 
prf/tfcfi, 

Mptallic mirrors, 121 
Mi'xictttis, 3-1, 159—162 
Mills, 2 h4, 410, 493 


Mines, von Illation of, 4S8, Raising water 
from. See Agricola^ Ilamiieye^Snvery^Ncw 
comerii IVorcesta', 

Mirrors, 87, 121, 172 
Moclaca, a vizier, 66 

Momouuim, 883, 3(16, 367, 373. Animalahavc 
u knowledge of it, 365 • 

Monks, their ingenuity nud professious, 104— 
lOS, 88(5 

Monlgoliler’s ram, 869—372 
Moon, Willciids project to reach it, 103 
Moreland, SamuoJ.nis pump nud speaking- 
trumpet, 273. Stoam-encino, 441 — «145 
Morey’s motive ongiuo, 478 
Motion, Ircuismltlcd by air. 448. Rotary, 
269— 2S4 

Motive engines, 423, 472—474 
Moulli, various operations of, 477 
Musical mncliiues, 17, 981. See EoUpileSf 
Meinnon. 

Mythology, Egyptian, 62— 85. Peruvian, 107 
N 

Niiamah, the supposed invoniross of spinning, 
2S3 

Nttbis, his cruelty, 573 
National vauiitings, 402 
NaUirul pumps and devices for raising liquids, 
209, 210, 266—258, 606—513 
Noptnno, 607 • 

Noroj his golden house, 639. Wntor-olock, 
649 

Nats, fishing, 80, 87 

Now-Amslerdain, wells in, 299. I'lros and 
Rre-wardens in, 330, 340 
Now-Yorlc, miuutofi of common council, 299 
800. Old treasury nolo, 300. l!’ir(i*Qngiuos, 
g4j«-.346 

Nowoomen und Cawley’s engine, 296, 404 
—408 ^ , 

Niagara fallsi currents of air at, 476 
Nineveh, well at, 20,30 
Norm, Cmiiose, 112. Egypimn, 1 13. Spanish, 
114. Uomau, 113. Syrian 110. Mexican, 
103 

NuTcmlmvg,iuihol0lhcoumry,324, Curiom* 
report of Plngineors, 560 

0 

Omar, logic of, 415 
Oraclo nt Delphi, prediction of, 241 
Organs, 647—560 
Orgau-rnnkerB. priests, 401 
Oficillallon of llmiitlB, 497 
Osiris, 82, Made. Iu3 own plougli, 83, 132 
Ovid, quoted. II , 13, 62, 70, 12(J 
Oysters, swallowing, 181. TUcir movements, 
267 

V 

Paddle-wheels, 464. Tlirir auLiquily, 400. 

Suiisiltutos for, 291, 400 
Palladium nfTrny, 12,071 
Panama clmins, 102 , 

Paper, Chiiicso mill, 00., Made by Rtenm, 

388. Experiments with a sheet of, 483. 
Marbling, 323 - 

Papin, 1. His nir-gun, 181. _ Driven from 

Prance by religious pcrsccutiou. 44(^. Ills 
digesters, 447. Salcty va vo. 447,461. Air- 
machine, 447—450. ExiilosWccugiuc, 460. 
Steam mu chines, •450— 469 
Parabolic jambs ol llre-places, 4H3 
Ibu'iSi water- works of, 200—298. I iro-onginos, 
327—331 , 330 

Pascal, hiR experiments on atmospheric pres* 
sure, 189 

Patents and patentees, old, 4.19 



Pavmg dties, 633 

Pedal for pounding rice, 90, 91 

PcGu, customs in, respcciing water, 35 

Pe Ian QUO, 164 

Penduluna macUine to raise water, 92, 93. 
'?endulum for watches, 441 
^ene^ope and Ulysses, 2S3 
/erfnmed fountains, 639, 540 
•’erfawes dispersed by eolipilcs, 401 
■I’erpetuai motions, 666, 667 
Peruvians, their Asiatic or igii) doubtful, 172, 
Whistliiiff bottles of, \1. Mirrors, 121, 
172. Wells and irrigation, 165 — 167. Com- 
mon utensils of goldj 171. Ancient city- 
disinterred, 17. Sucking lubes, 204. Not 
ignorant of the bellows, 253 — 256. Dials, 
542, 547 

Persians, worshiped wells, 36. Ambassadors 
thrown into wells, 27. Raising water, 98, 
573. Fountains, 639, 541 
Persian wheel for raising water, 115 
Peter Martyr, quoted, 106, 314 
Pewter and pewterers, 162, 260 
Philadelphia, water-works of, 300. Fire-en- 
gines, 344 
Phocion, 637, 565 

Piasa, a bird that devoured men, 165 
Picolah, a machine to raise water, 97 
Pins and needles, 87, 121. First made in 
England, 323 / 

Pipes, water, flexible, 26S. In Mexico, 163. 
Jn Peru, 170. Asia, 211. Pompeii, 211, 
662. Rome, 213, 652. Of earthenware, 
68. Of leather, 304. Oflead, 552, 563. 
Drawn, 654. Tinned, 655 
Pipkins, 18, 19 

Pistons, 206, 214, 216, 307, 438 
Piston bellows, 244 — 263 
Piston and cylinder, various applications of, 
368, 359, 425 

Piston steam-engine, of Worcester, 435 — 437. 
Of Hautefille and Huyghens, 441. Of Pa- 
pin, 450. Of Newcomen, 465. Of Leopold, 
469 


Plato, his views of meclianics, 3. His musi- 
cal clocks, 643, 548 
Play-bills, ancient one, 540 
Pliny the elder, quotca, 9, 15, 19, 35, 43, 68, 
79, 81, 96, 130, 192, 194, 203,212, 213,265, 
270,549,551. His death, 28 
Pliny the younger, his letter to Trajan, 309. 

Account of h\s gardens,' 536 
Plough, 82, 83, 132. Engine for drawing, 423 
Plutarch, quoted, 3, 12, 81, 118,311, 366, 537, 
542, 548 

Poison, in wells, 40 

Pompeii, its discov»ery, 29. Antiquities found 
in, 29, 30, 43, 65, 211,652 
Porta, Baptist, 1. 413. Quoted, 379, 381, 430. 
his Digester, 393. Raised water by heat, 
379. By steam, 407 — 409. By a siphon , 629 
Potter, ahoy, who made the sleam-engino 
self-acting, 470 

Pressure engines, 352—362. Natural^ 506 
Prester, John, fights the Mongnls with eoli- 
piles, 400 
Priming. 2, 70, 388 
Printers^ devices, J94 

projectors, ridiculed in a public jirocession, 
439 


Propelling vessels on water. Sea Paddle- 
wheels, 

pulley, its origin, used by the Egyptians, 69. 

Used for raising water, 68 — 68 
Pumps, atmospheric: of uncertain origin, 
212. Mentioned by Pliny, 96, 213. See 
also 21 1—230. Limits to which water rises 


in, 190, 223. These limits known to old 
punip-malccrs, 191. Deceptions with, 224, 
226. Bag-pump, 209. Bellows, do. 206^ 
210. Burr, do. 214, Centrifugal, do. 229, 
230. German, do. 138,207,218,219. Na- 
tural, do. 209, 210. Liquor, do. 2l6. Spa- 
nish, do. 217, 224 

Pumps, forcing, 262—293. Common pump, 
263. Enema, 263. Bellows, 241, 257,207, 
668. Double acting, 271. Mercurial, 275. 
Natural, 209, 210, 256— 258. Stomach, 264. 
Plunger, 272, 444. Perkins’ 281 Rotary, 
284 — 291, 373. Reciprocalingrotary, 292, 

Pumps, lifting, 277—279 
Pusterich, a steam idol, 399 
Pythagoras, 43S 


Q 

Quadrant, the, invented by Godfrey, 143 
Quern, hand-mill, -282 

Quippus, historical cords of the Peruvians, 
168, 172 

R 

Rain at Thebes, a prodigj”, 81 
Rams, battering, 3 d 6. Siphon ram, 631. Wa- 
ter rams, 366—372. Natural water rams 
506 

Rmtiseye, his patent for raising water by fire, 

Razors, bronze, 121. Mexican, 162 . 
Reciprocating rotatory pumps, 292, 293 
Regal, 650 

Religious persecutions, 446 
Remora, sucking flsli, 1S6 
Respiration, 475, 477 

Richard III. his coffin, a watering trough, 49 
Riddles, 437 s , 

Rigny, De, his steam machine, 463 
Rivatz, a Swiss machinist, 462 
Rivaz, his motive engine, 473 
Rivius, colipiles from, 396 
Rocking machine for raising water, 93 
Rolling press, 323 

Rome, invaded by the Gauls from the report 
of a smith, 19. Houses in, 310 
Roman wells, 28,34,40, 41, 60. Chain of 
pots, 124, Water screw, 138. Fire-engines, 
310, 311. Firemen, 309. Fountains, 633, 
539, 640. Mirrors, 121 
Roode of Grace, an English idol,. 106 
Rope pump, 136 
Rotatory movements, 2S2 — 284 
Rotatory pumps, 281—291. Defects of, 291 
Russia, pumps in, 220 


S 

Safety valves, 387, 391, 447, 461 
Sails of ships, 26S 
Salad in, 47, 372 

Salting fish, in Egypt, 86. Its revival in Eu- 
rope, 86 

Sunguisuchello, 203 
Sap, ascent of, 607 — 609 
Sarhaenns, 266 

Sarcophagi!, used as watering troughs, 49, 99 
Sauce pans, 21 ‘ 

Savery, his experiments and engines, 463 — 
460. His bellows, 4S3 
Saw, 268 

Scipio, his baths, 658, Dowry of his daugh- 
ter, 121 

Scoop, to raise water, 93. Scoop wheel, 111 
Scots, worshiped wells, 37 
Screws for raising water, 137 — 142, 666 
Scythian tradition, 12 
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Bisneca, quoted, 26, 310, 394, 558 
Serviere, his inventions, 63, 91, 286, 429 
Shadoof, Egyptian, 94, 95 
Shakespeare, quoted, or illustrated, 195, 350 
401,534,535 

Sheet-lead and other metals, 651 
Ships, steam, of Garay, 403. Of Raraseye, 
419. Ventilation of, 488 
Ship-building, ancient, 146, 147. Chinese, 158 
Sliip pumps, 143, 147, 154—157,214^217,227, 
567 

Shoes, ancient, 50. Motezuma’s, iGl 
Shrine of Becket, 106 
Siamese water-clocks, 644 
- Sieve, Tutia carrying water in one, 198. The 
trick explained, ibid. 

Silk, watering of, 323 

Silver pipes, cocks and cisterns, 170, 557, 660 
Siphons, 192, 193, 212, 268, 514—532. Ca- 
pillary, 5l3. Natural, 506. Ram, 531, Act 
in vacuo, 615. Other devices so named, 
212,213, 304, 307, 311, 316 
Smoke jacks, 75 
Smoking tobacco, 270, 454, 477 
Soap-making, raising ley by steam, 413, 414. 
Great sums expenueil on soap, ibid. Soap 
factory in Pompeii, ibid. 

Socrates, 637 

Soldering, 551. Cast iron, 20. Phenomenon 
attending, 612 
Solomon, cisterns of, 48 
Souffleur, 604 

Spaniards, their conquest of America, 159 
Spanish pump-maker, anecdote of, 224. Spa- 
nish steam-ship, 403 — 406. Chain of pots, 
126. Bells, 314 

Speaking tubes, 106, 107. Trumpets, 273, 
342. Heads, 106, lOS, 377 
Spectacles, 70 
Speculums, 121 
Sphinx, 119, 437 
Spindle, spinning, &c. 2S3, 284 
Spiral pump, 363 

Spiritalia, a work written by Heron, 270, 306, 
312.376, 386,415, 6lS— 520 
Spouting tubes, 497 — 504 
Sprinkling vessels, atmospheric, 194—196, 567 
Spurting snake, 257 

Statues, 43. Iron one of Arsinoe, 142. Ox 
Memnon,377,401. Leaden, 636, 660 
Steam, its effects, 359, 388 — 391. Its me- 
chanical properties, 391, 392, 407. 409. 
Supposed identity with air, 395—400, 418 
' —421, 672 

Steam-boats, 403, 419,423,424, 438 
Steam-boilers of coiled tubes, 394. Of wood 
and granite, 470 

Steam-engmcs, 284, 359, 426. Heron’s, 394. 
Garay’s, 404. Branca’s, 418. Classification 
of, 425. Worcester’s, 437. Moreland’s, 
442 — 444. Papin’s, 450 — 462. Savery’s, 
456 — 460. Other engines, 462 — 464. New- 
comen’s, 465. Leopold’s, 469. Made self- 
acting by a hoy, 251, 470 
Steam-guns, 395, 673 
Steam-idols, 395, 398, S99, 570—572 
Steam-muchinists, courtiers, 445 
Stings of bees, 257 
Stomach pump, 264 
Stoves, Chinese, 70. Fire-places, 4S3 
Strabo’s account of Memnon, 377 
Stuyvesant, Peter, proclamations by him, 
339 $40 

Suckers, boys’, 181. Natural. 1S2, 183, 184,186 
Sucking tubes, 203, 204. Sucking wounds, 202 
Suction, 201, 202 
Sugar boiling in vacuo, 495 


Sulphur baths, ancient, 120 
Sun, raising water by the heal of, 378 — 380 
Distilling by, 381, Raising steam by, 470 
Surgical instruments, found at Pompeii, 282 
Swape, 94 — 103 
Sycne, well at, 48 

Syracuse, dial at, 642. The namo of Archi- 
medes’ ship, 146 

Syringe, 259—261. An emblematic device, 
261, Used as fire-engines, 312, 315 — 317 

T 

Tacitus, quoted, 214 

Tanks, water, 83 

Tantalus, city of, 98, Cups, 620 

Tartar necromancy, 522 

Tenures, 39S 

Teraphim, 871, 572 

Tezcuco, 161. Supplied with water, 163 
Theatres, fountains in, recommended, 640 
Thebes, a wonder at, 81 
Tliemistocles, 43 
Thcodorus, ot Samos, 5 
Thirst, modes of quenching, 11. Sufferings 
Rom, 31, 32 

Tinkers, Chinese, 20,248 
Tlascala, 169. Its water-works, 160 
Tobacco smoking, 270, 454, 477. Engine fo' 
cutting, 323 

Toledo, old water-works at, 294 
Toltecs, 160 

Tools, 6, 87, 132, 172, 268 
Toothed wheels, 71. 72, 114, 121 
Tornados, 482 
Torricelli, 187, 188 

Tournc-broche, 75, 76, 665. Eolipilic, 396, 
398, 429 

Towers, lyur, 304 
Toys, 87,268 

Traditions of the Mahomedans and Scy- 
thians, 12. Arabs, 96. Peruvians, 167 
Trajan, his directions respecting fires, 309 
Traps for drains, 562, 563 
Tread-wheels, 73, 74, 76, 116, 117, 162 
Treasury note, copy of an old one, 300 
Trees of Australia, 509. Of silver, brass, &c. 
538 

Trevithick’s pump, 2S0 
Tricks. See Jugglins. 

Triton, musical, of silver, 634 
Trombe, or shower-bellows, 476 
Troy, fountains at, 49 

Trumpets, speaking, 273, 342. Eai\ 379, 673 
Tubal Cain, his beflows, 232. See Vulcan, 
Turkish fountains, 31. Fire-engines, 316 
Tmia, carrying water in a sieve, 198, 386 
Tympanum for raising water, 110, 114 
Tyre, a well at, 38. Glass mirrors made at, 
121 

U 

Union joints, 326, 459 

V 

Vacuum, B. Porta on, 379. Produced by 
steam, 407, 489. In open tubes, 482 — 496 
Boiling sugar in, 496 
Valen Liman, anecdote of, 196 
Valves, 232, 236, 268, 307, 565, 656. Safety, 
387, 391,447, 461 
Vapor engines, 441 , 472, 473 
Vases, ancient^ 16, 17. For lustral water, 387 
Vauxhall, engines at, 434. Gardena, 445 
Vegetius, old translation of, 177, 207, 21'" 
430, 522 
Veneering, 87 

Ventilation of mines, ships, &c. 4S8 
Venturi, experiments by, 478—480 
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csials, 195— 1 97, '383 

ir^il, quoted, 3, 11, 12, 13, 34, 117, 238, 302 
iisjon of Mahomet, 98 

itruvius, quoted, 9, 34, 109, 113,117,124, 
139, 192,244, 266, 269, 392, 395 
ulcun, bellows of, 232, 239. 240. Trip ham- 
mers, 56S. Imprisonuig cnair, 573 

W 

Wagons, steam, 423, 424 

Walrus, climbs by atmospheric pressure, 183 

^arsj warriors, 3, 308, 359. See preface, 

/^aicncs and clocks, 71, 122, 323, ^0, 441, 

642—547 

.'^aich chains, 323 

^ater, its importance in nature and the arts, 
0, 302, 358. Supposed identity with air, 
395, 418,420,421,672. Worshiped, 33— 
37, 665. Penalty for stealing, 43, Fresh 
dipped from the sea, 619 
/aler beds, 178. Bombs, 349, Canes, 372. 
Carriers, 83, 84. Closets, 561. Hammer, 
367. Lute, 451. Power, 480. . Rams, 368 
—371. Spouts, 477, 610. Wheels, 126,282, 
.568 

^ater- works .at Hamath, 116. In Japan, 
125. At Babylon, 133 — 136. Of the Peru- 
vians. '165—172. Mexicans. 160 — 162. At 
Augsuurgh, Bremen, Toledo, Paris, and 
London, 294, 205, 296. Old ones described , 
438. In America, 298. Roman, 267, 480 
/att, 146, 258. See preface, 

7ave8, 366, 367 
/edge, 268 
/eatner-glasses, 376 
/eeping images, 108 

/ells, 24—40^, 62, 71, 241^ 666. Solon’s laws 
respecting, 27. Reflections on, 48, Venti- 
lation of; 488, Worshiped, 33 — 37, 666. 
Anciatt" American wells, 60, 160 — ^167. 
Their examination desirabm, 60 
/heels, flash, 94. Other wheels to raise 
water 109 — 116. Wheel of fortune, 118. 
Scoop 111. Persian, 115. Capstan 77. 


Wheels, tread, 73—76, 116, 117, 162, Cog, 
71, 72, 114J21 

Whistles, in Peruvian bottles, 17, Chaldean 
cups, 201 

^Vhitncy, Eli, 359 
Whitehurst’s water ram, 368 
Wilkins, Bishop, quoted, 103, 104, 390, 418, 
429—431, 566 
Windlass, 68—72, 673 
Wind-mills, 125, 139, 151, 158,418, 672 
Wines, concentration of, 440, Mixed, 617, 
Siphons for tasting, 195, 516, 622 
Wine flask, Savory’s experiment with, 454— 
456 

Winifred’s well, miracle at, 37 . 

Winnowing machine, 70 
Wire, ancient, 2, 87, 121, 162, 323. Mill foi 
drawing, 423 
Wirtz’s spiral pump, 363 
Woden’s well, 35 
Woisavd’s air machine, 473 
Women, early experimenters on steam, 391 
Wooden hams, 70 ^ 

Worcester, Marquis of, his century of inven- 
tions, 64, 140, 362, 428—440, 639. His 
sleam-boat, 438. Steam-engine, 437, His 
character and.deaih, 439 
World, the, an hydraulic machine, 606 
Wynken de Worde, quoted, 314 

X 

Xerxes, his chair, 4. Sends a distaff to his 
general, 283 

Y 

Yoke, 83, 117. ;pescription of an Egyptian 
one, 84 

Yucatan, ancient wells in, 164, 166 

Z 

Zem Zem, the holy well of Mecca, 35, 49 
44, 45 

Zeno, his quarrel with Authemius, 393 
Zodiac, signs of 85 


